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Abstract 

Since  the  decline  of  the  Cold  War,  the  risk  of  major  conflict  between  powerful 
industrialized  nations  has  significantly  decreased.  Insecurity  in  the  twenty-first  cen¬ 
tury  is  forecast  to  arise  rather  from  the  debris  of  imploding  states.  Such  situations 
may  require  intervention  —  military  or  otherwise  —  by  concerned  states,  and  the 
frequency  with  which  these  interventions  occur  is  increasing.  To  meet  this  new  op¬ 
erational  challenge,  the  US  military  must  adapt  its  planning  procedures  to  account 
for  Security,  Stabilization,  Transition,  and  Reconstruction  Operations  (SSTRO). 

This  research  develops  a  project  scheduling  based  framework  for  post-conflict 
reconstruction  that  prioritizes  and  schedules  reconstruction  activities  in  such  a  way 
as  to  maximize  the  positive  impacts  during  the  initial  phase  of  SSTRO.  Specifically, 
this  research  proposes  to  build  on  the  Multimode  Resource  Constrained  Project 
Scheduling  Problem  with  Generalized  Precedence  Relations  (MM-RCPSP-GPR)  us¬ 
ing  goal  programming  to  maximize  the  reconstruction  operations’  positive  impact  to 
the  local  population. 

This  MM-RCPSP-GPR  variant  is  applied  to  a  notional  example  to  illustrate 
its  potential  use  in  post-conflict  SSTRO. 
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PROJECT  SCHEDULING  TO  MAXIMIZE  POSITIVE  IMPACTS 
OF  RECONSTRUCTION  OPERATIONS 


I.  Introduction 

To  truly  achieve  victory  as  Clausewitz  defined  it  —  to  attain  a  political 
objective  —  the  United  States  needs  a  military  whose  ability  to  kick  down 
the  door  is  matched  by  its  ability  to  clean  up  the  mess  and  even  rebuild 
the  house  afterward. 


— Robert  M.  Gates,  Secretary  of  Defense,  2009 


1.1  Background 

Since  the  decline  of  the  Cold  War,  the  risk  of  major  conflict  between  power¬ 
ful  industrialized  nations  has  significantly  decreased  [Rice  2005].  Insecurity  in  the 
twenty-first  century  is  forecast  to  arise  instead  from  the  “debris  of  imploding”  states 
[Haims,  Gompert,  Treverton,  and  Stearns  2008]. 

Failed  states  present  a  variety  of  dangers:  religious  and  ethnic  violence; 
trafficking  of  drugs,  weapons,  blood  diamonds,  and  humans;  transna¬ 
tional  crime  and  piracy;  uncontrolled  territory,  borders,  and  waters;  ter¬ 
rorist  breeding  grounds  and  sanctuaries;  refugee  overflows;  communica¬ 
ble  diseases;  environmental  degradation;  warlords  and  stateless  armies. 
[Haims  et  al.  2008:ix], 

Modern  diplomacy  and  statecraft  are  based  on  the  assumption  that  the  par¬ 
ticipants  are  sovereign  states  able  to  manage  their  own  internal  affairs  and  address 
threats  arising  within  their  borders.  This  assumption  is  no  longer  valid.  “[T]he 
greatest  threats  to  our  security  are  defined  more  by  the  dynamics  within  weak  and 
failing  states  than  by  the  borders  between  strong  and  aggressive  ones”  [Rice  2005]. 
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[Heldt  2008:11] 

Figure  1  Trends  in  Peacekeeping  Operations,  1948  -  2005 


In  light  of  modern  advances  in  travel  and  communication,  it  is  now  possible  for 
threats  arising  in  weak  states  to  affect  the  entire  global  community  [ibid]. 

According  to  the  US  State  Department’s  Office  of  the  Coordinator  for  Recon¬ 
struction  and  Stabilization  (S/CRS),  failed  and  failing  states  present  both  a  hu¬ 
manitarian  challenge  and  a  national  security  challenge  to  the  major  industrialized 
nations  of  the  world  [DoS  2004],  Such  situations  may  require  intervention  —  often 
military  intervention  —  by  concerned  states,  and  the  frequency  with  which  these 
interventions  occur  is  increasing  [Heldt  2008].  Since  1988  there  has  been  a  dramatic 
upswing  in  the  number  of  active  peacekeeping  operations.  In  1988,  there  were  five 
UN  peacekeeping  operations  and  three  non-UN  peacekeeping  operations;  in  2005, 
there  were  15  UN  and  14  non- UN  peacekeeping  operations  active  (Figure  1). 

Even  more  dramatic  is  the  increase  in  peacekeeping  operations  to  control  in¬ 
trastate  state  conflict:  prior  to  1990,  there  were  never  more  than  three  simultaneous 
peacekeeping  operations  to  control  intrastate  conflict;  in  2005,  there  were  21  (Fig¬ 
ure  2). 

US  policy  has  acknowledged  the  growing  importance  of  Stabilization,  Security, 
Transition,  and  Reconstruction  Operations  (SSTRO)  to  US  national  interests.  In 
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[Heldt  2008:13] 

Figure  2  Trends  in  Peacekeeping  Operations,  Intrastate  Conflicts,  1948-2005 

2005,  President  Bush  issued  National  Security  Presidential  Directive  44  (NSPD-44) 
formally  establishing  the  importance  of  strong  SSTR  capabilities  to  US  Government 
interests.  NSPD-44  directs  the  Department  of  State  to  “coordinate  and  lead  in¬ 
tegrated  United  States  Government  efforts  ...  to  prepare,  plan  for,  and  conduct 
stabilization  and  reconstruction  activities”  [NSPD-44:2], 

The  Department  of  Defense  (DoD)  has  also  begun  to  emphasize  stabilization 
operations:  DoD  Directive  3000.05  (also  released  in  2005)  establishes  stability  oper¬ 
ations  as  a  core  U.S.  military  mission  that  the  DoD  must  be  prepared  to  conduct 
and  support. 

To  meet  this  new  doctrinal  requirement,  the  US  military  is  adapting  its  plan¬ 
ning  procedures  to  account  for  SSTRO.  In  the  past,  conflicts  were  protracted  and 
required  large  numbers  of  troops  in  the  theater.  This  meant  that  planners  were  able 
to  develop  SSTR  plans  as  the  conflict  progressed  and  that  a  large  number  of  troops 
were  available  for  occupation  at  the  end  of  the  conflict  (Figure  3)  [Binnendijk  and 
Johnson  2004:xiv], 

Binnendijk  and  Johnson,  in  a  report  for  the  Center  for  Technology  and  National 
Security  Policy  at  the  National  Defense  University,  assert  that,  in  the  US  military’s 
new  strategy  of  rapid,  decisive  action,  less  time  is  available  for  planning  SSTRO,  and 
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[Binnendijk  and  Johnson  2004:xiv] 

Figure  3  Historical  Pattern  of  Combat  and  S&R  Missions 
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Combat  Concurrent  War  S&R  Term 
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[Binnendijk  and  Johnson  2004:xvi] 


Figure  4  Transformed  Stabilization  &  Reconstruction  Capability 


that  reliance  on  near-real-  and  real-time  intelligence,  surveillance,  and  reconnaissance 
and  on  Special  Forces  as  force  multipliers  means  there  are  far  fewer  troops  in  the 
theater  at  the  end  of  combat  operations.  Military  planning  must  evolve  to  effectively 
prepare  for  SSTRO  in  this  new  environment  —  planning  for  combat  and  SSTR 
operations  must  occur  concurrently,  and  SSTRO  should  be  ready  to  begin  as  combat 
operations  are  ending  (Figure  4)  [2004:xvi], 

Further,  the  capability  for  SSTR  planning  is  not  limited  only  to  reconstruction 
after  a  US  or  allied  intervention,  but  will  also  be  applicable  in  the  aftermath  of  any 
conflict  or  natural  or  man-made  disaster  [ibid.  :xv-xvi] . 

Based  on  this  need  for  robust  planning  capabilities  for  SSTRO,  the  National 
Science  and  Technology  Council  (NSTC)  [2008:15]  recommends  further  research  to 
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formulate  strategies  to  assist  in  post-conflict  reconstruction  of  regional  and  local  in¬ 
frastructures  —  specifically  in  the  areas  of  developing  techniques  to  manage  risk  and 
maximize  the  impact  of  infrastructure  reconstruction  on  the  population;  develop¬ 
ing  tools  to  facilitate  prioritization  and  management  of  reconstruction  efforts;  and 
providing  means  of  effecting  local  participation  in  the  reconstruction  activities. 

Further,  the  recently  released  U.S.  Government  Counterinsurgency  Guide  - 
signed  by  the  Secretaries  of  State  and  Defense  and  the  Administrator  of  USAID  - 
acknowledges  the  role  of  essential  services  and  economic  considerations  in  stabiliza¬ 
tion  operations:  stating  that  COIN  operations  seek 

to  provide  essential  services  and  stimulate  long  term  economic  growth, 
thereby  generating  confidence  in  the  government  while  at  the  same  time 
reducing  the  pool  of  frustrated,  unemployed  young  men  and  women  from 
which  insurgents  can  readily  recruit  [USGICI  2009:3]. 

1.2  Problem  Statement  and  Approach 

As  major  combat  operations  wind  down,  the  military  will  need  to  act  rapidly 
to  reestablish  basic  essential  services  and  rebuild  the  local  infrastructure.  Roads 
and  bridges,  local  power  stations,  water  pumping  stations,  and  so  on,  may  have 
been  damaged  or  destroyed  by  combat  or  neglect  —  they  may,  in  fact,  have  been 
legitimately  targeted  during  combat  operations.  At  the  same  time,  it  is  likely  that 
the  local  economy  will  have  stagnated,  and  the  stabilizing  force  will  also  need  to 
facilitate  the  restarting  of  normal  economic  activities.  A  natural  solution  to  both  of 
these  problems  is  to  employ,  as  much  as  possible,  the  indigenous  workforce  to  effect 
repairs  to  the  local  and  regional  infrastructure. 

Pursuant  to  the  NSTC’s  recommendations,  this  research  develops  a  project 
scheduling  framework  for  post-conflict  reconstruction  that  schedules  reconstruction 
tasks  in  such  a  way  as  to  maximize  the  positive  impact  to  the  local  economy  during 
the  initial  phase  of  SSTR  operations.  Specifically,  this  research  proposes  to  build  on 
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the  Multimode  Resource  Constrained  Project  Scheduling  Problem  with  goal  program¬ 
ming  to  maximize  the  reconstruction  activities’  positive  impact  to  local  population’s 
economic  welfare. 

1.3  Thesis  Organization 

This  introduction  has  developed  the  relevance  of  this  research  effort  and  out¬ 
lined  its  approach.  Chapter  II  reviews  the  current  literature  in  the  fields  of  SSTRO, 
social  welfare,  resource  constrained  project  scheduling,  and  goal  programming.  Chap¬ 
ter  III  develops  the  model  that  this  research  uses  to  solve  the  RCPSP  goal  program 
for  post-conflict  reconstruction.  In  Chapter  IV,  a  notional  post-conflict  reconstruc¬ 
tion  effort  is  used  to  illustrate  the  application  of  the  model.  Chapter  V  contains  the 
conclusions  and  suggestions  for  future  research. 
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II.  Relevant  Literature 


2. 1  Introduction 

This  chapter  provides  an  overview  of  the  literature  relevant  to  the  development 
of  a  post-conflict  reconstruction  program  model.  Section  2.2  introduces  literature 
pertaining  to  strategies  for  SSTR  Operations  including  US  Government  policy,  mil¬ 
itary  doctrine,  and  guidance  from  humanitarian  agencies.  Section  2.3  surveys  the 
literature  pertaining  to  measuring  socio-economic  welfare.  Section  2.4  reviews  the 
current  literature  on  resource  constrained  project  scheduling,  and  Section  2.5  intro¬ 
duces  the  concept  of  goal  programming. 

2.2  SSTR  Operations  Literature 

2.2.1  Strategies  for  SSTR  Operations 

Covey,  Dziedzic,  and  Hawley’s  The  Quest  for  Viable  Peace  emphasizes  the 
importance  of  “conflict  transformation”  —  transitioning  from  a  conflict  to  a  viable 
peace  and  then  to  self-sustaining  peace  [Covey  et  al.  2005:15].  As  Figure  5  shows, 
as  legitimate  power  structures  increase  in  strength,  obstructionist  powers’  influence 
wanes. 

They  further  develop  ten  building  blocks  for  a  successful  intervention  [Covey 
et  al.  2005:49-57], 

Compelling  Justification  for  Intervention.  Transformation  operations  may  re¬ 
quire  a  long-term  commitment  by  the  nations  involved.  The  justification  for 
the  intervention  must  be  strong  enough  to  hold  for  the  duration. 

Backing  of  Influential  Regional  Powers.  Local  powers  often  have  close  ties 
with  one  or  more  of  the  factions  and  can  facilitate  or  frustrate  the  peace  pro¬ 
cess. 
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Figure  5  Viable  Peace:  The  Turning  Point  in  Conflict  Transformation 

Achievable  Political  Solution.  A  mutually  acceptable  political  solution 
can  channel  the  factions’  competition  for  power  into  political  rather  than  vio¬ 
lent  means. 

Operational  Assistance  by  Neighboring  States.  If  neighboring  countries  have 
ties  to  one  of  the  factions,  they  are  unlikely  to  remain  uninvolved  in  the  conflict. 

Containment  of  Transitional  Nonstate  Threats.  Transnational  threats  can  be 
decisive  actors  in  regions  with  weak  or  failing  governments.  As  the  stabilization 
process  encroaches  on  their  powerbase,  they  may  seek  to  obstruct  the  process. 

An  Empowering  Security  Council  Resolution.  A  Security  Council  resolution 
provides  legitimacy  and  resources  to  an  intervention. 

Acceptable  Military  Role.  Careful  coordination  of  military  and  civilian  roles  is 
necessary  for  the  success  of  the  intervention. 

Effective  Demobilization  of  Armed  Groups.  The  demobilization  of  armed 

groups  is  necessary;  however,  the  intervening  powers  must  be  able  to  guarantee 
safety  and  economic  opportunity  for  the  recently  disbanded  fighting  forces. 

Rule  of  Law:  Police,  Justice,  Penal  System,  and  Applicable  Law.  The  in¬ 
tervening  powers  often  have  to  supplant  the  entire  justice  system  in  a  destabi- 


lized  region.  The  former  system  may  have  been  nonfunctional  or  dysfunctional, 
acting  as  a  tool  of  oppression  or  economic  advancement  for  a  select  few.  Sig¬ 
nificant  effort  and  investment  may  be  required  to  restore  the  people’s  trust. 

Legitimate  Political  Economy.  People  in  the  destabilized  region  must  have  ac¬ 
cess  to  a  legitimate  economy  to  provide  for  basic  necessities  and  a  legitimate 
political  outlet  to  provide  a  voice  in  the  local  government. 

Ghani  and  Lockhart  derive  a  model  of  state  sovereignty  based  on  the  fulfillment 

of  certain  obligations.  They  list  ten  functions  of  the  state  [2008:124-166]: 

Rule  of  Law  The  most  important  function  of  the  state  is  making  and  enforcing 
laws.  Laws  are  the  “glue”  that  hold  all  the  disparate  aspects  of  the  state,  the 
economy,  and  society  together.  Each  of  the  state’s  functions  is  defined  by  rules 
enacted  as  law. 

All  societies  are  host  to  tensions  and  disagreements:  the  difference  lies  in  how 
these  disputes  are  settled:  through  the  process  of  law  or  outside  it.  This  is 
the  difference  between  the  civil  disobedience  of  Gandhi  and  Dr.  King  and 
revolutionary  movements  such  as  the  communist  revolutions  of  Cuba  and  Rus¬ 
sia.  When  policy  change  can  occur  within  the  system  and  a  strong  judiciary 
can  expose  and  prosecute  corruption,  stakeholders  are  more  likely  to  realize 
their  goals  through  the  formal  system  rather  than  seeking  a  solution  outside 
\t[ibid.:12h}. 

A  Monopoly  on  the  Legitimate  Means  of  Violence  A  monopoly  on  the  legit¬ 
imate  exercise  of  force  has  two  important  effects.  First,  it  guarantees  freedom 
of  movement  for  the  population,  and  second,  it  guarantees  property  rights  and 
ensures  that  transactions  are  governed  by  rules  rather  than  force  [ibid.:  129- 
130], 

Administrative  Control  Administrative  control  of  the  government  should  be  han¬ 
dled  through  a  body  of  openly-recruited  professionals  accountable  to  the  cit- 
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izenry  [ibid.:  131].  Entry  into  government  service  should  be  transparent  and 
meritocratic.  While  there  is  significant  variation  between  countries,  one  com¬ 
mon  trait  of  successful  states  is  a  strong  uniformity  of  administrative  rules. 
This  standardization  of  practice  leads  to  predictability  which  leads  to  trust  in 
an  impartial  government  and  to  an  environment  suitable  for  economic  growth 
[ibid.:  132], 

Sound  Management  of  Public  Finances  Sound  management  of  public  finances 
is  critical  to  realization  of  public  goals.  “[T]he  discipline  of  preparation,  im¬ 
plementation,  and  alteration  of  budgets  allows  the  translation  of  public  goals 
into  measurable  programs  and  projects”  [ibid.:  136]. 

Investments  in  Human  Capital  Economic  growth  depends  on  an  educated  and 
healthy  population.  Recent  shifts  in  the  private  sector  emphasize  autonomy 
and  creativity  rather  than  rigid  discipline  —  such  a  system  requires  educated, 
thinking  workers.  A  state  which  does  not  invest  in  public  education  will  not 
be  competitive  in  the  global  economy  [ibid.:  140-141],  Of  equal  importance 
is  the  provision  of  health  services.  Without  investment  in  public  health  and 
education,  the  middle  class  cannot  exist  [ibid.:  141], 

Creation  of  Citizenship  Rights  Citizenship  rights  that  cut  across  sex,  ethnicity, 
race,  class,  and  religion  are  critical  to  stability.  Egalitarian  social  policy  helps 
unify  a  state  [ibid.:  144],  Egalitarian  social  policy  transforms  a  state  into  “a 
community  of  mutual  rights  and  obligations,  where  each  citizen  has  certain 
responsibilities  vis-a-vis  other  citizens”  [ibid.:  145].  In  weak  states,  the  divi¬ 
sions  between  population  groups  are  broadened  and  can  result  in  intergroup 
rivalries — sometimes  to  the  extent  of  ethnic  cleansing  and  genocide  [ibid.:  146]. 

Provision  of  Infrastructure  Services  The  provision  of  infrastructure  services 
encompasses  transportation,  power,  water,  communications,  and  pipelines,  and 
it  facilitates  the  state’s  provision  of  security,  administration,  investment  in  hu¬ 
man  capital,  and  the  conditions  for  a  strong  market  [ibid.:  147].  Public  funding 
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of  infrastructure  is  a  key  trait  of  stable,  industrialized  nations.  The  develop¬ 
ment  of  transportation  infrastructure  allows  once-isolated  markets  to  be  con¬ 
nected  and  makes  the  flow  of  goods  and  services  more  predictable,  [ibid.:  148]. 
This  development  paves  the  way  for  the  formation  of  a  strong  market. 

When  infrastructure  is  lacking,  inequalities  and  exclusions  persist — particularly 
in  the  area  of  health:  the  poorer  segments  of  the  populace  may  not  have  access 
to  sewage  systems,  clean  water,  or  basic  health  services  [ibid.:  148]. 

Formation  of  a  Market  Stable  states  facilitate  a  strong  market  by  (1)  setting  and 
enforcing  rules  on  commercial  transactions;  (2)  supporting  private  enterprise; 
and  (3)  interceding  when  the  market  fails.  The  state  can  impose  significant 
costs  on  the  market,  but  the  market  cannot  function  without  the  security,  rule 
of  law,  education,  etc.  provided  by  the  state  [ibid.:  149-150]. 

Two  models  of  state  support  for  the  market  compete.  The  first  allows  only 
indirect  support  for  the  market  through  the  other  nine  functions  of  the  state. 
The  second  allows  the  formation  of  direct  alliances  with  private-sector  entities, 
protectionist  tariff  strategies,  and  government  policies  to  encourage  the  expan¬ 
sion  of  particular  industries  [ibid.:  151].  Neither  model  has  been  proven  more 
effective;  the  question  is  not  state  vs.  market  but  deciding  on  an  allocation  of 
tasks  between  them  to  establish  a  framework  to  allow  the  growth  of  prosperity. 

Management  of  Public  Assets  Typical  budget  analysis  counts  only  a  state’s  fi¬ 
nancial  assets;  however,  a  state’s  capital  does  not  comprise  only  money.  It 
also  includes  physical  assets  —  land,  equipment,  buildings  —  natural  capital 
-  forests,  rivers,  minerals  —  and  intangible  assets  such  as  licensing  rights. 
Of  the  activities  relating  to  these  public  assets,  the  management  of  land  and 
water  rights,  the  sustainable  use  of  natural  capital  (including  the  preservation 
of  the  environment),  and  the  licensing  of  commercial  activities  are  particularly 
important  for  a  state  [ibid.:  156]. 
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[Haims,  et  al.  2008] 

Figure  6  The  Cycle  Characterizing  Failed  States 

Effective  Public  Borrowing  Public  borrowing  is  the  foundation  of  the  modern 
banking  system  and  is  essential  to  the  operation  of  a  state’s  financial  sector. 
A  stable  financial  sector  encourages  the  growth  of  jobs,  a  stable  economy,  and 
enlarges  the  state’s  tax  base  [ibid,.:  161]. 

The  state  derives  its  legitimacy  from  successfully  meeting  these  functions,  and  in¬ 
terventions  in  failed  states  should  be  organized  to  restore  a  state’s  ability  to  meet 
these  requirements. 

Haims  et  al.  [2008:9-21]  describe  a  failed  state  cycle.  Figure  6  illustrates 
the  idea  of  concentrating  efforts  on  the  critical  challenges  which  overlap  between 
insecurity,  economic  collapse,  and  unfit  government.  They  posit  that  failed  states 
exhibit  three  conditions  that  result  from  this  cycle:  exposure  to  danger,  lack  of 
opportunity,  and  unresponsive  government;  and  that  stabilization  operations  should 
be  targeted  to  combat  these  conditions. 

The  United  States  Institute  of  Peace  (USIP)  has  developed  a  strategic  “Frame¬ 
work  for  Success”  for  stabilization  and  reconstruction  in  unstable  states  and  post¬ 
conflict  states.  Their  framework,  intended  primarily  for  use  in  planning  and  or¬ 
ganizing  operations,  identifies  five  key  “desired  end  states”  for  stabilization  and 
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reconstruction  operations  [USIP  2007].  USIP’s  five  key  desired  end  states  and  their 
constituent  key  objectives  are  reproduced  in  Table  1. 

Carlos  Pascual,  Vice  President  and  Director  for  Foreign  Policy  Studies  at  the 
Brookings  Institution,  in  his  testimony  before  Congress,  identified  four  imperatives 
for  any  stabilization  operation. 

1.  Stabilization:  The  first  task  of  an  intervening  force  is  to  impose  peace  and 
ensure  law  and  order.  They  must  also,  during  this  time,  provide  for  basic 
humanitarian  needs. 

2.  Unraveling  the  past:  The  intervention  must  address  the  original  causes  of  the 
conflict. 

3.  Building  infrastructures,  laws,  and  institutions  of  democracy  and  market  econ¬ 
omy:  The  intervening  force  must  lay  the  foundations  for  future  peace  and 
stability  in  the  region  —  to  facilitate  the  transition  from  imposed  peace  to  a 
sustainable  peace. 

4.  Nurturing  civil  society:  The  intervening  force  should  facilitate  the  growth  of 
media,  civic  organizations,  business  groups,  etc.  [Pascual  2008]. 

2.2.2  State  Department  Stabilization  and  Reconstruction  Policy 

The  State  Department’s  Coordinator  for  Reconstruction  and  Stabilization 
(S/CRS)  has  compiled  a  list  of  essential  post-conflict  tasks  [DoS  2005].  The  list 
is  organized  into  five  sectors:  Security;  Governance  and  Participation;  Humanitar¬ 
ian  Assistance  and  Social  Well-Being;  Economic  Stabilization  and  Infrastructure; 
and  Justice  and  Reconciliation.  Figure  7  shows  an  excerpt  from  the  Economic  Sta¬ 
bilization  and  Infrastructure  sector  of  the  task  list.  Each  of  these  categories  includes 
tasks  broken  out  into  subcategories  and  into  three  time  phases  of  operations:  Initial 
Response,  Transformation,  and  Fostering  Sustainability.  S/CRS  provides  by  far  the 
most  detailed  openly  available  plan  for  stabilization  and  reconstruction  operations. 
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Tabic  1  USIP  Framework  for  Success 


Safe  and  Secure 
Environment 


Rule  of  Law  Stable  Democracy 


Sustainable 

Economy 


Social  Well-being 


Prevent  renewal 
of  fighting  (e.g., 
enforce  ceasefire; 
secure  weapons/ 
stockpiles; 
disarm, 

demobilize,  and 
reintegrate 
former  fighters] 

Protect  civilians 
(e.g.,  counter 
organized  crime, 
de-mine] 

Ensure  freedom 
of  movement 
(e.g.,  for  civilians, 
relief  workers, 
peace  monitors] 

Protect  key 
historical, 
cultural,  and 
religious  sites,  as 
well  as  important 
buildings, 
property,  and 
infrastructure 

Protect  witnesses 
and  evidence  of 
atrocities 

Protect 
international 
borders/airspace 
/ports  of  entry 

Build  effective 
security  forces, 
under  civilian 
control 


[USIP  2007:2] 


Establish 
coherent, 
legitimate,  and 
just  legal 
frameworks  (e.g., 
constitution, 
criminal,  and  civil 
frameworks] 

Build  effective 
and  independent 
courts 

Build  effective 
police,  customs, 
immigration,  and 
border  control 
forces 

Build  effective 

corrections 

system 

Build  effective 
legal 

profession/bar 

Protect  human 
rights 

Ensure  equal 
access  to  justice 
and  equal 
application  of  the 
law 

Promote  public 
awareness  and 
legal 

empowerment 


Build  effective 
and  legitimate 
executive 
institutions — 
national,  regional, 
and  local  levels 
(e.g.,  ministries, 
civil  service] 

Develop 
legitimate 
systems  of 
political 

representation — 
national,  regional, 
and  local  levels 
(e.g.,  legislatures] 

Promote  free  and 

responsible 

media 

Promote  the 
creation  of 
political  parties 

Promote  robust 
civil  society  and 
civic  participation 
(including 
minorities  and 
marginalized 
groups] 


Reconstruct 
infrastructure 
(e.g.,  electricity, 
communications, 
transportation] 

Promote  sound 
fiscal/economic 
policy 

Build  effective 
and  predictable 
regulatory  and 
legal 

environment 

Build  effective 
financial  and 
economic 
institutions  (e.g., 
banks] 

Create  viable 
workforce 

Promote  business 
development  and 
sustainable 
employment; 
increase  access  to 
capital 

Protect,  manage, 
and  equitably 
distribute  natural 
resources/ 
revenues 

Limit/contain 
corruption  and 
illicit  economy 


Ensure 

population  is  fed 
Ensure 

population  has 
water 

Ensure 

population  has 
shelter 

Meet  basic 
sanitation  needs 

Meet  basic  health 
needs 

Build  effective 
education  system 

Enable  displaced 
persons  and 
refugees  to  return 
or  relocate 

Address  legacy  of 
past  abuses  (e.g., 
truth 

commissions] 

Promote  peaceful 
coexistence  (e.g., 
inter-ethnic, 
interfaith] 
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Reconstruction  and  Stabilization  Essential  Tasks 


SECURITY 


INITIAL  RESPONSE 

TRANSFORMATION 

FOSTERING  SUSTAINABILITY 

Goal:  Establish  a  safe  and  secure 
environment 

Goal:  Develop  legitimate  and  stable 
security  institutions 

Goal:  Consolidate  indigenous  capacity 

Disposition  of  Armed  and  Other  Security  Forces,  Intelligence  Services  and  Belligerents 

Cessation  of  Hostilities 

•  Enforce  ceasefires 

•  Supervise  disengagement  of  belligerent 
forces 

•  Identify  and  neutralize  potential  spoilers 

•  Negotiate  terms  for  exchange  of 
prisoners  of  war 

•  Engage  indigenous  forces  capable  of 
promoting  immediate  stability 

•  Establish  and  control  buffers,  including 
demilitarized  zones 

•  Monitor  exchange  of  POWs 

•  Transfer  monitor  requirements  to 
indigenous  security  institutions 

Enforcement  of  Peace 
Agreements  and/or 
Other  Arrangements 

•  Provide  security  for  negotiations  among 
indigenous  belligerents 

•  Develop  confidence-building  measures 
between  indigenous  belligerents 

•  Conduct  counterinsurgency  operations 

•  Investigate  alleged  breaches  of 
agreements 

•  Support  and  enforce  political,  military, 
and  economic  terms  arrangements 

•  Support  confidence-building  measures 
amongst  belligerents 

•  T ransfer  enforcement  requirements  to 
indigenous  authorities 

•  Support  and  sustain  confidence¬ 
building  measures 

Disposition  and 
Constitution  of  National 
Armed  Services 

•  Implement  plan  for  disposition  of 
indigenous  armed  forces  and  other 
national  security  institutions 

•  Identify  future  roles,  missions  and 
structure 

•  Vet  senior  officers  and  other  individuals 
for  past  abuses 

•  Coordinate  and  integrate  with  DDR 
plans 

•  Train  and  equip  indigenous  military 
forces 

•  Establish  transparent  entry,  promotion, 
and  retirement  systems 

•  Establish  programs  to  support  civilian 
oversight  of  military 

•  Provide  conventional  military  assistance 
programs 

•  Establish  military-to-military  programs 
with  the  host  country's  forces 

•  Sustain  international  support 

Disarmament 

•  Negotiate  arrangements  with 
belligerents 

•  Establish  and  enforce  weapons  control 
regimes,  including  collection  and 
destruction 

•  Disarm  belligerents 

•  Reduce  availability  of  unauthorized 
weapons 

•  Collaborate  with  neighboring  countries 
on  weapons  flows,  including 

•  (1)  Secure,  store,  and  dispose  of 
weapons 

•  Develop  indigenous  arms  control 
capacity 

[DoS  2005:1-1] 

Figure  7  Excerpt  from  S/CRS’s  Essential  Task  List 
2.2.3  MPICE 

Measuring  Progress  in  Conflict  Environments  (MPICE)  is  an  interagency  effort 
by  the  United  States  Institute  of  Peace,  the  United  States  Army  Corps  of  Engineers, 
USAID,  and  the  United  States  Army  Peacekeeping  and  Stability  Operations  Institute 
[USIP  2008].  The  MPICE  framework  focuses  on  measuring  progress  in  five  Level  I 
Sectors: 

1.  Political  Moderation  and  Stable  Democracy 

2.  Safe  and  Secure  Environment 

3.  Rule  of  Law 

4.  Economic  Sustainability 

5.  Social  Well  Being. 
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Figure  8  MPICE  Heirarchy 


Each  of  these  sectors  comprises  two  Level  II  Sub-Sectors:  Conflict  Drivers  and  In¬ 
stitutional  Performance.  These  Sub-Sectors  are  further  divided  into  Level  III  Goal, 
Level  IV  Indicator,  and  Level  V  Measure.  Figure  8  illustrates  the  MPICE  heirarchy. 


MPICE  uses  four  methods  to  collect  each  measure  [USIP  2008:5]: 

1.  Content  Analysis  (CA):  Data  collected  by  CA  is  gleened  from  open-source 
media  publications  to  gauge  popular  opinions  about  an  issue.  The  data  are 
freely  available,  but  the  process  is  labor-intensive. 

2.  Expert  Knowledge  (EO):  EO  data  are  collected  from  a  panel  of  “independent, 
knowledgeable,  and  experienced  experts”  in  a  particular  held  of  study. 

3.  Statistical  Analysis(SA):  SA  data  come  from  analysis  of  statistics  about  secu¬ 
rity,  economic  development,  and  so  forth  in  a  particular  region. 

4.  Survey  and  Polling  Data  (S/PD):  S/PD  come  from  opinion  surveys  on  a  variety 
of  issues  pertaining  to  the  conflict. 
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2.2.4  Joint  Doctrine 

In  the  newly  revised  Joint  Publication  1  [JP  1],  SSTR  operations  are  now 
featured  as  a  key  element  of  US  Joint  Doctrine.  JP  1  lists  stability  operations 
as  a  key  type  of  operation  for  the  Department  of  Defense  equal  in  importance  to 
defensive  and  offensive  operations  [JP  1  2008:ii] .  JP  1  goes  on  to  say  that  it  is  not 
sufficient  to  bring  about  a  quick  conclusion  to  hostilities,  but  that  the  operations 
must  bring  about  “conditions  favorable  to  the  [Host  Nation]  and  the  United  States 
and  its  multinational  partners”  [ibid.:  1-17],  and  that: 


Establishing  these  conditions  often  requires  conducting  stability  oper¬ 
ations  in  support  of  broader  stability,  security,  transition,  and  reconstruc¬ 
tion  (SSTR)  efforts.  Stability  operations  are  a  core  US  military  mission 
that  helps  to  establish  order  that  advances  US  interests  and  values.  The 
immediate  goal  often  is  to  provide  the  local  populace  with  security,  re¬ 
store  essential  services,  and  meet  humanitarian  needs.  The  long-term 
goal  is  to  help  develop  indigenous  capacity  for  securing  essential  services, 
a  viable  market  economy,  rule  of  law,  democratic  institutions,  and  a  ro¬ 
bust  civil  society.  .  .  .  Further,  some  military  operations  normally  will 
continue  after  the  conclusion  of  combat  operations.  An  extended  US  pres¬ 
ence  will  be  required  to  conduct  stability  operations  to  enable  legitimate 
civil  authority  and  attain  the  national  strategic  end  state.  It  must  be 
considered  throughout  planning  and  execution  that  stability  operations 
may  be  required  to  attain  the  national  strategic  end  state.  These  stability 
operations  historically  have  required  an  extended  presence  by  US  mili¬ 
tary  forces  to  assist  by  conducting  stability  operations.  This  contingency 
should  be  considered  during  the  initial  [course  of  action]  development 
and  recommendation  for  execution.  [JP  1  2008:1-17-1-18] 


2.2.5  US  Army  Doctrine 

Like  joint  doctrine,  stabilization  operations  now  feature  prominently  in  Army 
doctrine.  In  Field  Manual  (FM)  3-0,  the  Army  now  places  Stability  on  par  with 
Offense,  Defense,  and  Civil  Support  Operations  [FM  3-0  2008:3-7].  FM  3-0  outlines 
five  Stability  Tasks:  Civil  Security,  Civil  Control,  Restore  Essential  Services,  Support 
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Army  Stability  Tasks  Department  of  State  Sectors 


[FM  3-0:3-15] 

Figure  9  Army  Tasks  support  S/CRS  Sectors 

to  Governance,  and  Support  to  Economic  and  Infrastructure  Development  which  the 
Army  explicitly  links  to  the  S/CRS ’s  Essential  Task  List  sectors  (Figure  9). 

US  Army  Field  Manual  3-07  Stability  Operations  and  Support  Operations  gov¬ 
erns  US  Army  contributions  to  SSTR  Operations.  It  addresses  the  tasks  associated 
with  conducting  (planning,  preparing,  executing,  and  assessing)  stability  operations 
and  support  operations  at  the  strategic  level.  Peace  Operations:  Multi-Service 
Tactics,  Techniques,  and  Procedures  for  Conducting  Peace  Operations  —  co-listed 
as  FM  3-07.31,  MCWP  3-33.8,  and  AFTTP  (I)  3-2.40  —  provides  a  Tactics,  Tech¬ 
niques,  and  Procedures  (TTP)  manual  for  conducting  “peace  operations  (PO)  at  the 
brigade  level  of  warfighting”.  It  gives  guidance  for  training  for  and  planning  joint 
peace  operations  at  the  tactical  level. 

2.2.6  Non-Governmental  Organization  (NGO)  Guidance 

The  Sphere  Project  provides  information  on  minimum  requirements  for  human¬ 
itarian  interventions  [Sphere  Project  2004],  Although  the  standards  are  designed  for 
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humanitarian  relief  following  natural  disasters,  the  requirements  for  humanitarian 
relief  following  a  military  conflict  will  be  comparable.  The  Sphere  Project  organizes 
humanitarian  relief  into  four  sectors: 


•  Water,  Sanitation,  and  Hygiene  Promotion, 

•  Food  Security,  Nutrition,  and  Food  Aid, 

•  Shelter,  Settlement,  and  Non-food  Items,  and 

•  Health  Services. 

They  establish  minimum  standards  for  relief  efforts  common  to  all  four  sectors 
and  specific  standards  for  each  sector. 

2.2.7  Summary  of  SSTR  Operations  Literature 

The  support  in  the  literature  for  facilitating  economic  development  and  for 
the  importance  of  reconstructing  critical  infrastructure  is  unanimous.  Covey  et  al. 
include  access  to  a  legitimate  economy  to  provide  for  basic  necessities  in  their  ten 
keys  to  successful  interventions  [Covey  et  al.  2005].  Ghani  and  Lockhart  include 
the  provision  of  infrastructure  services  and  the  formation  of  a  market  as  two  of  their 
essential  services  performed  by  a  legitimate  state  government  [Ghani  and  Lockhart 
2008].  Haims  et  al.  cite  a  lack  of  economic  opportunity  as  key  cause  of  state  failure 
[Haims  et  al.  2008] .  Pascual  includes  building  infrastructure  and  a  market  economy 
in  his  four  imperatives  for  any  stabilization  operation  [Pascual  2008].  A  sustainable 
economy  is  one  of  USIP’s  five  desired  end  states,  and  reconstructing  infrastructure  is 
the  first  task  listed  for  that  goal  [USIP  2007].  Economic  Stabilization  and  Infrastruc¬ 
ture  is  one  of  S/CRS’s  five  sectors  in  their  Post-Conflict  Reconstruction  Essential 
Tasks  and  consequently  are  featured  in  both  JP  1  and  FM  3-0  which  derive  their 
SSTRO  tasks  from  the  S/CRS’s  essential  task  list. 
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2.3  Economic  Welfare 


Given  the  consensus  in  SSTRO  literature  on  the  importance  of  facilitating  eco¬ 
nomic  development,  some  method  of  measuring  the  economic  status  of  a  community 
is  needed.  To  that  end,  this  section  presents  a  brief  survey  of  the  field  of  Welfare 
Economics. 

Whereas  positive  economics  is  the  hard,  quantitative  facet  of  economics,  wel¬ 
fare  economics  is  the  facet  of  economics  where  the  fuzzy  issues  of  good  and  bad  or 
should  and  should  not  resurface.  Welfare  economics  collates  the  pertinent  theoretical 
aspsects  of  positive  economics  in  support  of  the  economic  welfare  of  the  community 
[Rothenberg  1961:3]. 

Bergson  (with  significant  input  from  Samuelson)  first  introduced  the  concept 
of  the  Welfare  Function  in  1938.  Bergson  sought  to  isolate  the  value-based  or  ethical 
assumptions  of  welfare  economics  from  its  analytical  techniques  [Rothenberg  1961:8]. 
He  began  by  proposing  an  unspecified  relationship  between  a  community’s  welfare 
and  variables  like  the  amounts  of  certain  factors  of  production,  the  amounts  of  various 
commodities  consumed,  and  so  forth  [Bergson  1938:311].  The  analyst  could  isolate 
ethical  assumptions  in  this  function  and  trace  out  their  implications. 

As  an  example,  if  Xi  and  yt  are  two  kinds  of  consumer  goods  used  by  a  given 
individual  i,  at  and  bi  are  the  amounts  of  two  kinds  of  labor  performed  by  individual 
i  for  each  of  the  goods,  C  and  D  are  the  amounts  of  other  non-labor  factors  used 
for  each  of  the  two  goods,  and  r,  s,t, . . .  are  other  unspecified  factors  affecting  the 
welfare  of  the  community,  then  for  individuals  i  =  1,2, ...  ,n,  Bergson’s  welfare 
function  takes  the  form  [Bergson  1938:312]: 


W  =  W(x1,y1,ax1,bx,ay1,by1,..., 

Xn,  yn,  a*,  bxn,  al,  bi,  Cx,  Dx,  Cy ,  Dy ,  r,  s,t,.. .) 
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Bergson  assumes  that  while  changes  in  the  non-economic  factors,  r,  s,  t, . . .,  can  affect 
a  community’s  welfare,  the  community’s  welfare  is  insensitive  to  those  variables  under 
normal  circumstances.  Thus,  the  Welfare  Function,  W,  can  be  reformulated  as  an 
Economic  Welfare  Function  [ibid.]: 


E  =  E(xi,  2/1,  a*,bl,al,  6?,..., 

xn,  yn,  <,  bxn,  <,  bl,  Cx,  D\  C\  Dy\r ,  s,t, . . .) 


Bergson  is  not  saying  that  an  individual’s  or  community’s  welfare  does  not  depend 
on  any  non-economic  factors  —  such  an  assumption  would  be  blatantly  incorrect 
-  but  only  that  within  the  range  of  normal  economic  analysis,  these  non-economic 
factors  do  not  significantly  affect  the  value  of  E. 

Although  Bergson’s  original  formulation  depended  on  factors  of  production 
and  consumption,  the  economic  welfare  function  is  not  limited  to  those  variables, 
and  economists  have  developed  welfare  functions  based  on  other  factors.  Van  Praag 
uses  a  Welfare  Function  of  Income  (WFI)  to  measure  welfare  in  Belgium  [1971]. 
Wansbeek  and  Kapteyn  use  WFIs  to  demonstrate  welfare  functions’  ability  to  link 
theory  and  practice  [1983].  Their  functions  take  the  general  form: 

H  =  (d0  +  Piln  (fs)  +  /32ln  (y)  +  v 


where  j3 o,  /3i,  and  fy  are  regression  constants,  fs  is  a  measure  of  family  size,  y  is 
after-tax  income,  and  v  is  a  random  noise  variable  with  an  expected  value  of  0 
[ibid.:  253]. 

Henderson  —  also  endeavoring  to  bridge  the  gap  between  theory  and  empiri¬ 
cism  —  uses  a  welfare  function  based  on  per  capita  personal  income  Y,  per  capita 
revenue  R,  population  P,  per  capita  public  expenditure  G ,  and  per  capita  private 
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expenditure  X: 


W  =  (cvo  +  Oi\Y  +  a2 R  +  ol^P)  InG  +  X 

where  a0,  op,  a2,  and  a 3  are  regression  constants  [1968:156]. 

Some  have  argued  that  Arrow’s  impossibility  theory  rendered  welfare  eco¬ 
nomics  irrelevant  [Kemp  and  Ng  1976,  Parks  1976]  —  this  may  account  for  the 
relative  sparsity  of  recent  welfare  economics  literature  —  however,  Flcurbaey  and 
Mongin  refute  this  argument  and  conclude  that  “[b]y  taking  the  shape  of  an  explic¬ 
itly  defined  BSF  [Bergson- Samuelson  Function],  these  theories  may  be  turned  into 
proper  tools”  for  economic  evaluations  [2005]. 

The  conclusion  is  that  there  is  a  generally  accepted  positive  relationship  be¬ 
tween  income  and  economic  welfare  (i.e.,  W  oc  y).  This  is  important  to  Chapter 
Ill’s  formulation  of  a  mathematical  model  for  reconstruction  operation  planning. 

2.4  Program  Management  and  Project  Scheduling 

Within  the  scope  of  project  management,  organizing  tasks  is  a  primary  respon¬ 
sibility  of  the  project  manager.  The  organization  of  tasks  into  logical  groupings  for 
progress  and  budgetary  tracking  can  be  assisted  by  the  use  of  a  Work  Breakdown 
Structure;  and  the  sequencing  of  tasks  in  an  order  that  satisfies  precedence  and 
resource  limitations  can  be  completed  by  using  sound  project  scheduling  techniques. 

2.4.I  Work  Breakdown  Structures 

The  Work  Breakdown  Structure  (WBS)  grew  —  alongside  PERT  —  out  of 
project  management  efforts  in  the  Department  of  Defense  in  the  late  1950s.  Although 
definitions  of  a  WBS  vary,  Pritchard  defines  it  as  “a  decomposition  of  the  work  to  be 
performed  that  is  arranged  in  a  hierarchy  and  constructed  to  allow  for  clear  logical 
grouping  of  the  tasks  to  be  performed  or  the  deliverables  to  be  provided”  [1998:2], 
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1.  Organizational  Move 

1.1.  Network  Move 

1.1.1.  Server  Move 

1.1.2.  Backup  Systems  Move 

1.1.3.  Workstation  Move 

1.1. 3.1.  Word  Processing  Workstation  Move 

1.1. 3. 2.  Data  Entry  Workstation  Move 

1.1. 3. 2.1.  Sun  Workstation  Transfer 

1.1. 3. 2. 2.  M/S  Workstation  Transfer 

1.1. 3. 2. 3.  Mac  Workstation  Transfer 

1.1. 3.3.  Customer  Service  Workstation  Move 

1.2.  Equipment  Move 

1.3.  Personnel  Move 

[Pritchard  1998:7-8] 

Figure  10  Example  Work  Breakdown  Structure 

Whether  the  WBS  is  task-  or  deliverable-oriented,  it  will  have  the  same  overall 
form.  The  highest  level  (the  project  level)  is  identified  by  a  project  number  assigned 
by  the  initiating  organization.  Typically,  within  an  organization,  this  project  will  be 
unique  to  facilitate  tracking  the  project  within  the  organizations  portfolio  of  projects. 
For  this  illustration,  the  project  number  is  1,  and  the  top  level  of  the  WBS  is  1.x. 

The  next  level  (1.1, 1.2, . . . ,  l.n)  lists  the  groups  or  components  within  the 
project,  and  the  third  level  lists  subgroups  or  subcomponents  within  those  groups 
or  components:  1.1.1, 1.1.2, . . . ,  1.1. m,  1.2.1, 1.2.2, ,  l.n.m.  This  structure  continues 
until  there  is  a  numerical  hierarchy  which  covers  the  entirety  of  the  project.  Thus, 
l.i.j.k  is  the  kth  work  package  within  the  jth  subcomponent  of  the  it\i  component 
of  project  1.  An  example  from  Pritchard  is  shown  in  Figure  10. 

The  work  package  is  the  lowest  level  of  project  control  [Demeulemeester  and 
Herroelcn  2002:15]  and  represents  the  work  required  to  complete  a  specific  job  or 
process.  It  may  consist  of  one  or  more  activities.  Responsibility  for  a  work  package 
is  assigned  to  a  single  organization  or  individual.  It  is  important  that  the  work 
packages  not  be  too  large.  However,  Pritchard  relates  a  recognized  rule  of  thumb 
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among  project  managers:  “a  WBS  is  too  detailed  when  it  tells  team  members,  ‘Move 
Left  Foot,  Move  Right  Foot’  ”  [1998:2], 

2-4-2  WBS  and  Scheduling 

Deckro,  Hebert,  and  Verdini  develop  a  Work  Package  Scheduling  Model  which 
uses  work  packages  and  their  constituent  activities  to  perform  budget  and  schedule 
trade-offs  between  work  packages  in  light  of  an  overall  project  due  date  and  budget 
[1992],  The  problem  is  formulated  as  a  linear  program. 

Wiley  exploits  the  block  diagonal  structure  induced  by  the  work  package  struc¬ 
ture  to  develop  a  solution  using  Danzig- Wolfe  decomposition.  He  uses  this  model  to 
illustrate  balancing  resources  between  multiple  defense  acquisition  projects  [1996]. 

2-4-3  The  Resource  Constrained  Project  Scheduling  Problem  (RCPSP) 

Artigues  gives  this  informal  definition  of  the  Resource-Constrained  Project 
Scheduling  Problem  (RCPSP): 

[The  RCPSP]  considers  resources  of  limited  availability  and  activities  of 
known  durations  and  resource  requests,  linked  by  precedence  relations. 

The  problem  consists  of  hireling  a  schedule  of  minimal  duration  by  as¬ 
signing  a  start  time  to  each  activity  such  that  the  precedence  relations 
and  the  resource  availabilities  are  respected  [2008:21], 

Formally,  the  RCPSP  is  a  combinatorial  optimization  problem  with  a  discrete 
solution  space,  A",  a  set  of  feasible  solutions,  y  G  X,  and  an  objective  function, 
/  :  x  — »  M.  The  combinatorial  optimization  problem  seeks  a  solution,  x  G  y,  such 
that  f(x)  =  min{/  (y)  :  y  G  y).  Specifically,  the  RCPSP  is  defined  by: 

1.  A  set  of  activities,  V  =  {1,2, . . .  ,  n}:  Conventionally  (though  not  universally) 
activities  1  and  n  are  dummy  activities  representing  the  start  and  finish  of  the 
project. 
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2.  A  set  of  activity  durations,  d  =  {cR, . . . ,  dn}.  By  definition,  d\  =  dn  =  0.  In 
the  deterministic  RCPSP,  the  duration  of  each  activity  is  known  with  certainty 
before  the  start  of  the  project. 

3.  A  set  of  zero-lag,  finish-start  precedence  relations,  E  =  {ei,e2, . . . ,  em}  where 
Cfc  =  (i,j)  means  that  activity  j  cannot  begin  until  activity  i  is  finished. 

4.  A  set  of  K  renewable  resources,  R  =  {i?i,  i?2,  •  •  • ,  Rk}- 

5.  A  set  of  availabilities,  A  =  {ai,  a2, . . . ,  a*,},  where  a*  denotes  the  availability  of 
resource  RL. 

6.  A  set  of  K  nonrenewable  resources  with  their  capacities,  aj  for  i  —  1,2, ...  ?  K. 

7.  A  set  of  demands  such  that  rtJ  represents  the  demand  of  activity  i  for  resource 
j.  By  definition,  r\j  =  rnj  =  0  for  j  =  1,  2, . . . ,  K  and  j  —  1,2, ... ,  K. 

A  solution  to  the  RCPSP  is  represented  by  a  schedule,  S  =  {si,s2, . . . ,  sn}, 
where  st  is  the  start  time  of  activity  i.  fi  =  Si  +  di  is  the  finish  time  activity  a^. 
Because  dn  =  0,  ,sn  =  fn  is  the  finish  time  (or  makespan )  for  the  entire  project. 
Conventionally,  the  start  time  of  the  initial  dummy  activity,  1,  is  defined  as  0. 

2-4-4  Generalized  Precedence  Extension  of  the  RCPSP 

A  key  assumption  in  classical  RCPSP  and  PERT/CPM  scheduling  is  that  all 
precedence  relations  are  of  the  zero-lag,  finish-start  type.  However,  in  practice,  this 
is  often  not  a  valid  assumption.  When  expanding  precedence  relations  beyond  the 
restrictive  assumption  of  finish-start  constraints,  most  of  the  literature  follows  El- 
maghraby  and  Kamurowski  [1992]  using  the  term  Generalized  Precedence  Relations 
(GPR). 

GPR  distinguishes  between  four  types  of  precedence  relations:  start-to-start 
(or  “start-start”,  SS),  start-to-hnish  (“start-finish,”  SF) ,  hnish-to-start  (“finish- 
start,”  FS ),  and  hnish-to-hnish  ( “finish-finish,”  FF).  Further,  GPRs  may  represent 
a  minimum  or  maximum  lag  between  the  finish  and/or  start  times  of  a  pair  of  activ- 
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ities.  Minimal  time  lags  (denoted  by  SS™m  (x),  SFtjmm  (x),  FSfjm(x),  FF-Jm(x)) 
state  that  activity  f  s  start  (or  finish)  time  must  lag  the  start  (or  finish)  time  of  ac¬ 
tivity  i  by  at  least  x  time  units.  Similarly,  maximal  time  lags  (S'*S'™ax  ( x ),  »S'F™ax  (x), 
FSfjax  ( x ),  FF“ax  (x))  state  that  activity  f  s  start  (or  finish)  time  may  lag  activity 
V s  start  (or  finish)  by  no  more  than  x  time  units  [Demculemeester  and  Herroelcn 
2002:40], 

2-4-5  Minimal  Time  Lags 

Finish-start  relations  are  the  most  intuitive  of  the  GPRs.  FS™m  (0)  is  the 
common  zero-lag  delay  of  PERT/CPM.  Activity  i  can  begin  immediately  following 
the  completion  of  activity  j.  If  x  ^  0,  then  the  specified  amount  of  time  after  the 
finish  of  activity  i  must  elapse  before  event  j  may  start:  construction  of  the  frame 
of  a  house  must  wait  until  the  concrete  of  the  foundation  has  had  enough  time  to 
cure  [ibid.]. 

Start-start  relations  indicate  a  delay  between  the  start  of  activity  i  and  the 
start  of  activity  j.  For  example,  painting  the  interior  of  a  house  must  lag  behind 
the  installation  of  drywall,  but  the  drywall  work  need  not  be  completed  in  the  entire 
house  before  painting  can  begm[ibid.'Al]. 

Coordinating  the  completion  of  activities  is  common  in  projects,  and  so  finish- 
finish  relations  are  quite  common  in  project  scheduling.  FF™m  [x)  relations  model  a 
required  lag  in  the  completion  of  activity  j  to  process  the  output  of  activity  i[ibid.\. 

Start-finish  relations  are  the  least  common  of  the  four  types  and  do  not  occur 
frequently  in  practice [ibid.:41-42]. 

It  is  also  possible  to  combine  the  relations  listed  above.  Demculemeester  and 
Herroelcn  use  the  example  of  framing  a  house  and  installing  the  electrical  sys¬ 
tem.  The  electricians  cannot  start  until  the  framers  have  completed  some  work 
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Table  2  Maximal-Minimal  Equivalencies 


GPRs  w/  Maximal  Relations 

GPRs  w/  Minimal  Relations 

FS^(x) 

SF^(-x) 

SS™n(x) 

SSfn(-x) 

SF™(x) 

FSf\-x) 

FFT(x) 

FFT(-x) 

[Demeulemeester  anc 

Herroelen  2002:44] 

(an  SS™m(x)  relationship),  but  they  also  need  time  to  continue  working  after  the 
framers  are  done  (an  FF™n  (x)  relationship)  [ibid.A2\. 

2-4-6  Maximal  Time  Lag 

A  maximal  start-start  relation  (SS™'X  (x))  can  model  the  requirement  that 
an  activity  start  no  later  than  a  prescribed  period  after  the  start  of  another.  A 
maximal  start-finish  relation  (5'iq™ax  (x))  can  represent  a  deadline  for  completing  a 
particular  activity.  If  activity  i  is  the  dummy  project-start  activity,  then  SF™X  (x) 
can  require  that  activity  j  finish  no  more  than  x  time  units  after  the  start  of  the 
project  [ibid. 42-43]. 

2-4-7  Minimal- Maximal  Equivalencies 

Any  maximal  time  lag  can  be  converted  into  a  minimal  time  lag  in  the  opposite 
direction.  For  example,  a  maximal  finish-start  relation,  F5'™ax(x),  between  activities 
i  and  j  implies  the  constraint  /,:  +  x  >  Sj.  Multiplying  the  constrain  by  —1  leads 
to  the  constraint  —  fi  —  x  <  —  Si  or  Sj  —  x  <  fi  which  is  simply  a  minimal  start- 
finish  relation  from  j  to  i,  SF™fn(—x).  Table  2  lists  the  maximal  relations  and  their 
minimal  equivalents  [ibid.AA]. 

2-4-8  Multi- Mode  Extension  to  the  RCPSP 

The  Multi-Mode  Resource  Constrained  Project  Scheduling  Problem  (MM- 
RCPSP)  differs  from  the  traditional  RCPSP  in  that  activities  may  be  processed 
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in  multiple  ways  [Bellenguez-Morineau  and  Emmanuel  Neron  2008].  The  different 
processing  methods  -  modes  -  have  different  costs  and  different  durations:  a  package 
may  be  shipped  by  FedEx  at  a  cost  of  $30  with  a  duration  of  2  days,  or  it  may  be 
shipped  by  USPS  at  a  cost  of  $5  with  a  duration  of  5  days. 

The  notation  for  the  MM-RCPSP  is  the  same  as  the  basic  RCPSP  with  the 
following  additions: 

1.  A  number  of  modes,  Mj,  to  execute  each  activity  i  E  A. 

2.  The  processing  time  of  activity  a.;,  dj,  becomes  dim,  the  processing  time  for 
activity  a*  using  mode  m. 

3.  The  resource  requirements  of  activity  aj,  r^-,  becomes  rim] ,  the  amount  of 
resource  Rj  required  by  activity  i  in  mode  m. 

2-4-9  Solving  the  RCPSP 

The  basic  RCPSP  seeks  to  minimize  the  makespan  of  the  project  while  re¬ 
specting  the  precedence  and  resource  constraints.  The  RCPSP  is  strongly  A/"'PTiard 
[Blazewicz,  Lenstra,  and  Rinnooy  Kan  1983].  Several  authors  have  presented  branch- 
and-bound  solution  procedures.  Most  of  which  branch  off  of  partial  schedules;  that 
is,  the  nodes  of  the  search  tree  correspond  to  partial  schedules,  and  the  branching 
step  adds  at  least  one  activity  to  the  partial  schedule  [Neron  2008].  Most  studies 
use  heuristics  and  meta-heuristics  to  solve  medium  and  large  instances  [Bellenguez- 
Morineau  and  Neron  2008]. 

The  basic  RCPSP  is  A/"'P-hard  [Blazewicz  et  al.  1983],  and  the  RCPSP  can  be 
seen  as  a  special  case  of  the  MM-RCPSP  where  Mj  =  1  Vi  €  A;  therefore,  the  MM- 
RCPSP  is  A/"'P-hard.  As  with  the  basic  RCPSP,  branch-and-bound  techniques  are 
used  to  produce  optimal  solutions;  however,  branch  and  bound  may  be  prohibitively 
expensive  to  compute  for  medium  and  large  sized  problems.  Many  studies  use  heuris¬ 
tics  and  meta-heuristics  to  solve  medium  and  large  instances  [Bellenguez-Morineau 


and  Neron  2008].  Sprecher  and  Drexl  present  a  branch-and-bound  technique  which 
uses  search  tree  reduction  techniques  to  increase  the  performance  of  the  algorithm 
[1998].  Hartmann  and  Drexl  examine  the  solution  procedures  suggested  by  four 
authors  [1998].  Their  computational  experiment  determined  that  the  procedure  by 
Sprecher  and  Drexl  [1998]  is  the  most  efficient. 

2.5  Goal  Programming 

The  concept  of  goal  programming  is  generally  attributed  to  Charnes,  Cooper, 
and  Ferguson’s  1955  paper  on  executive  compensation  schemes;  however,  the  term 
goal  programming  did  not  appear  until  1961  [Schniederjans  1995].  Goal  programming 
is  an  extension  of  linear  programming  to  handle  multiple,  often-conflicting  objective 
measures.  Each  measure  is  assigned  a  goal,  and  the  deviations  from  this  goal  are 
minimized. 

Preemptive  goal  programming  (sometimes  called  lexicographic  GP  modeling) 
assumes  that  the  decision  maker  can  rank  the  objectives  from  most  to  least  impor¬ 
tant.  PGP  makes  no  attempt  to  assign  weights  to  the  different  measures;  instead  it 
assigns  each  a  preemptive  ranking.  If  Pr  is  the  objective  function  ranking  of  goal  i, 
preemptive  goal  programming  assumes  that 

Pi  »>  P2  »>  ...  »>  Pn. 

The  decision  maker  attempts  to  satisfy  each  goal  in  order;  that  is,  P\  is  satisfied, 
then  P2  is  satisfied  as  much  as  it  can  be  without  decreasing  Pi’s  optimality,  and  so 
on  [Charnes  and  Cooper  1977].  If  is  the  positive  deviation  (be.,  deviation  over 
the  goal)  and  5~  is  the  negative  deviation  from  the  goal  (deviation  under  the  goal), 
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the  general  formulation  of  a  PGP  problem  is 


min  Pi  (X+  +  $i  ) 

i 


subject  to 


Y  dijXj  -  5f  +  Sj  —  bi,  fori  =  1 ,m 

3  = 1 

5+,  S~,  Xj  >  0,  fori  =  1, . . . ,  m;  for j  =  1, . . . ,  n. 


2. 6  Summary 

This  chapter  presented  a  review  of  the  current  literature  that  is  pertinent 
to  planning  SSTR  operations.  The  literature  on  SSTR  operations  is  unanimous 
in  its  support  for  the  importance  of  rebuilding  infrastructure  and  for  facilitating 
the  revitalization  of  a  legitimate  economy  in  a  post-conflict  region.  The  literature 
on  project  scheduling  contains  a  number  of  useful  models  which  can  be  combined 
with  goal  programming  to  schedule  reconstruction  activities.  Chapter  111  develops 
an  extension  of  the  Multimodal  Resource  Constrained  Project  Scheduling  Problem 
with  Generalized  Precedence  Relations  for  use  in  SSTR  operations. 
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III.  Formulation 


3. 1  Introduction 

This  chapter  develops  a  mathematical  programming  model  for  scheduling  re¬ 
construction  activities  to  maximize  the  potential  positive  economic  impact  of  projects 
during  the  initial  response  phase  of  SSTR  operations.  Section  3.2  gives  a  mathemat¬ 
ical  programming  formulation  of  the  MultiModal  RCPSP  with  Generalized  Prece¬ 
dence  Relations  (MM-RCPSP-GPR).  The  next  section,  3.3,  develops  how  that  for¬ 
mulation  can  be  applied  to  SSTRO  and  expands  the  formulation  to  include  goal 
programming  and  economic  benefit.  Section  3.4  gives  the  final  statement  of  the  full 
goal  programming  MM-RCPSP-GPR  model. 

3.2  Formulating  the  MM-RCPSP-GPR  as  an  Integer  Linear  Program 

In  the  Integer  Program  (IP)  of  the  multimodal  RCPSP  with  GPRs,  two  as¬ 
sumptions  are  made  to  simplify  the  formulation.  First,  it  is  assumed  that  all  max¬ 
imal  time  lags  are  transformed  into  minimal  time  lags  as  described  in  Table  2  in 
the  previous  chapter,  and  second,  it  is  assumed  that  the  GPRs  are  not  dependant 
on  the  mode  selected  for  each  activity.  Next,  the  edge  sets,  ESs,  EgF ,  EFg,  and 
Eff  are  defined  as  the  resulting  sets  of  minimal  SS-,  SF- ,  FS-,  and  FF-precedence 
relations.  The  values  for  the  time  lags  are  SSij  for  (i,j)  G  Egg,SFij  for  (i,j)  G 
Esf,  FSij  for  (i,j)  G  EFg,  and  FF  VJ  for  (i,j)  G  EFF.  Finally,  define  T  as  an  upper 
bound  on  the  project  duration,  esi  as  the  earliest  start  time  for  activity  i,  and  Isi  as 
the  latest  start  time  for  activity  i. 
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Table  3  MM-RC1 

r’SP-GPR  Notation 

Symbol 

Description 

Symbol 

Description 

N 

number  of  activities 

SFa 

time  lag  for  (i,j)  G  ESf 

Mi 

number  of  modes  of  exe¬ 
cution  for  activity  i 

EFs 

FS'-precedence  relations 

dim 

duration  of  activity  i  in 
mode  j 

FSij 

time  lag  for  (i,j)  G  Eps 

esi 

earliest  start  time  for  ac¬ 
tivity  i 

Epp 

F F -precedence  relations 

Isi 

latest  start  time  for  ac¬ 
tivity  j 

FF 

11  i] 

time  lag  for  (i,j)  G  EFF 

T 

overall  project  due  date 

Qfe 

availability  each  time 
unit  of  renewable  re¬ 
source  k 

Ess 

S'S'-precedence  relations 

K 

number  of  renewable  re¬ 
sources 

ssi:i 

time  lag  for  (i,j)  G  Ess 

Q,f. 

availability  of  renewable 
resource  k 

ESf 

SF -precedence  relations 

K 

number  of  nonrenewable 

resources 

3.2.1  MM-RCPSP-GPR  Notation 

A  complete  list  of  the  parameters  used  in  the  formulation  of  the  IP  is  given  in 
Table  3.  All  information  is  assumed  to  be  given  in  the  problem  instance  except  for 
esi  and  Isi  which  are  computed  as  described  in  Subsection  3.2.2. 

The  traditional  objective  for  the  MM-RCPSP-GPR  is  to  assign  a  start  time 
and  mode  to  each  activity  without  violating  resource  availability  or  GPR  constraints 
while  minimizing  the  overall  project  duration.  Defining  the  decision  variables 

fl  if  activity  i  is  started  at  time  t  in  mode  m 

(!) 

0  otherwise 
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the  MM-RCPSP-GPR  can  be  formulated  as  follows  [De  Reyck  and  Herroelen  1999:541]: 


Is* 


mm 


in  E  tXNlt. 


(2) 


t=esN 


subject  to 


Mt  lsl 


Mj  Isj 


^2^2ximt  =  l,t=l,2,...,N  (3) 

m=  1  t=esi 

Mj  Isj 

EE  ( t  +  SSij)  %imt  —  EE  (tXjmt),  (i,j)  G  Ess  (4) 

m=  1  t=esi  m=  1  t=esj 

Mi  Isi  Mj  Isj 

EE  {t  -I-  SF ij )  Xiuit  ^  EE  ( t  “I-  djm )  Xjmt  •>  j  )  ^  E/§f  (5) 

m=l  t=esi  m=  1  t=esj 

Mi  1st  Isj 

EE  (t  dim  “1“  FSij)  Ximi  ^  EE  (tXjmt),  (i,  j)  €  EFS  (6) 

m=l  t=esi  m=  1  t=esj 

Mi  1st  Mj  Isj 

EE  (t  +  dim  FF ij)  Ximt  EE  (t  “I-  djm )  Xjmti  (b  j)  ^  dUpp  (7) 


m=  1  t=esi 

m=  1  t=esj 

n  Mi 

( 

min{i— 1,  is,}  N 

EE 

I  ^ imk  X 

^  )  Xims 

—  & k 5  ^  1?  .  . 

i= 1  m= 1 

V 

=ma x{t-dirn,esi}  J 

n  Mi 

/  1st  ^ 

EE 

i—  1  m=  1 

I  ^imk  ^  ^  '  Ximt. 
V  t=esi  / 

|  ^ k 5  ^  2,  .  . 

£*mt  e  {0, 1}  ,i  =  1,2, . . .  ,iV, 

m  =  1,2, . . .  ,Mut  =  1,2, . . .  ,T 


(9) 

(10) 


The  objective  function’s  (2)  value  will  be  the  time  of  the  final  dummy  activity’s 
completion,  and  thus  it  minimizes  the  project  duration.  The  first  set  of  constraints 
(3)  ensures  that  each  activity  is  assigned  exactly  one  mode  and  one  start  time.  The 
next  sets  of  constraints  —  (4),  (5),  (6),  and  (7)  —  prevent  the  solution  from  vi¬ 
olating  any  of  the  GPRs.  Equation  (8)  prevents  the  demands  for  any  renewable 
resource  from  exceeding  that  resource’s  availability  during  any  time  unit,  and  equa- 
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tion  (9)  prevents  the  total  demand  for  any  nonrenewable  resource  from  exceeding 
that  resource’s  availability  during  the  entire  project.  Finally,  equation  (10)  forces 
the  decision  variables  to  take  binary  values. 

Constraint  (3)  constitutes  a  series  of  type  1  special  ordered  sets  —  ordered  sets 
of  variables  in  which  at  most  one  member  of  each  set  can  be  strictly  positive,  all 
others  must  be  zero.  This  structure  can  be  exploited  by  the  solution  process  [Beale 
and  Forrest  1976]. 

3.2.2  Computing  the  Early  and  Late  Start  Times 

Building  from  the  work  of  Pritsker,  Watters,  and  Wolfe  [1969],  to  reduce  the 
number  of  decision  variables  required,  each  activity’s  start  time  may  be  bounded  by 
its  early  and  late  start  times.  To  compute  the  early  and  late  start  times,  one  must 
find  the  time-feasible  schedule  which  minimizes  and  maximizes  each  activity  start 
time  subject  to  these  constraints: 


Si  >  0  V  i 

G  V 

(n) 

Si  +  SSij  <  Sj  V 

(fj)  e  Ess 

(12) 

Si  +  SFtj  <  fj  V 

if  if)  e  esf 

(13) 

ft  +  FSij  <  Sj  V 

(i,j)  G  Efs 

(14) 

fi  +  FFij  <  fj  V 

(hj)  ^  Eff 

(15) 

3  m  <  Mi  :  dim  = 

fi  -  Si  V  i  e  V 

(16) 

where  sl  and  f%  are  the  start  and  finish  times  of  activity  i  respectively.  When  each 
activity  has  only  one  mode,  the  durations  are  fixed.  In  this  case,  all  GPRs  can  be 
reduced  to  minimal  SS  relations  and  the  early  and  late  start  times  can  be  computed 
through  well-known  graph  algorithms  [De  Reyck  and  Herroelen  1999:542],  However, 
when  activities  have  more  than  one  mode,  the  calculation  is  more  complicated.  If 
the  MM-RCPSP  has  only  zero-lag  finish-start  relations,  then  the  early  and  late  start 
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times  can  be  figured  by  assigning  each  activity  its  shortest- duration  mode  and  using 
CPM  methods.  If  the  project  has  GPRs,  then  calculating  the  exact  early  and  late 
starts  for  each  activity  can  be  as  difficult  as  solving  the  MM-RCPSP  [ibid.]. 

One  way  to  compute  the  exact  early  and  late  start  times  for  the  MM-RCPSP- 
GPR  in  the  most  complicated  case  (i.e.,  an  instance  with  more  than  one  mode  and 
GPRs)  would  be  to  modify  the  above  constraints  into  a  linear  program.  Equation 
(16)  can  be  rewritten  as: 

Mi 

YJVrm  =  IViGh  (17) 

m= 1 

Mi 

Si  +  ^2  dirnUim  fi  =  0  V  *  G  V  (18) 

m=  1 

Vim  ^  {0,  1}  (19) 

where 

{1  if  activity  i  is  executed  in  mode  m 

(20) 

0  otherwise 

The  new  equation  (17)  ensures  that  each  activity  is  started  in  only  one  mode,  and 
the  equation  (18)  ensures  that  each  activity’s  finish  and  start  times  agree  with  one 
of  its  modes.  Equation  (19)  forces  yim  to  assume  binary  values  as  defined  in  (20). 
Thus  the  complete  program  for  computing  early  (late)  start  times  is: 
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min(max)  s* 

i— 1 

subject  to 

(12), (13), (14),  (15) 

Mi 

Vim  =  1  V  i  G  V 

m=  1 

Mi 

Si  +  ^  ^  dimyim  f%~  0  V  i  (E  V 

m=  1 

Si  >  0  V  %  G  V 

Vim  £  {0,1} 


However,  this  approach  simply  replaces  one  MV- hard  problem  with  another. 
Heilmann  presents  two  polynomially-bounded  algorithms  for  generating  schedules 
which  bound  the  early  start  times  for  the  MM-RCPSP-GPR  [2003];  however,  he 
does  not  suggest  an  approach  for  computing  late-start  schedules.  Fredley  proposes 
the  use  of  the  Generalized  Critical  Path  Method  (GCPM)  to  compute  early  and 
late  start  times  for  activities  with  generalized  precedence  relationships.  The  GCPM 
algorithm  is  as  follows  [Fredley  2001:3-10-3-11]: 

1.  Set  es,  for  each  i  equal  to  the  release  date  of  the  project. 

2.  For  each  activity,  i,  in  numerical  order,  set  es;  to  the  greatest  of 

(a)  esi, 

(b)  esj  +  dj  of  each  of  i’s  standard  predecessors  j, 

(c)  esj  plus  the  minimum  time  lag  between  j  and  i  for  each  j  that  is  a 
generalized  predecessor  of  i. 

3.  If  any  esi  changed  in  step  2,  repeat  step  2. 


36 


4.  Set  Isi  to  T  —  di . 

5.  For  each  activity,  i,  in  reverse  numerical  order,  set  Isi  to  the  least  of 

(a) 

(b)  Isj  —  di  for  each  of  i’s  standard  successors  j, 

(c)  Isj  minus  the  minimum  time  lag  between  i  and  j  for  each  j  that  is  a 
generalized  successor  of  i. 

6.  If  any  Isi  changed  in  step  5,  repeat  step  5. 

Using  the  GCPM,  the  early  and  late  start  times  for  each  activity  are  determined 
by  [Fredley  2001:3-11  -  3-12]: 

1.  Relax  all  the  resource  constraints  in  the  problem.  Consider  only  the  precedence 
relations,  and 

2.  Using  the  shortest-duration  mode  of  each  activity,  determine  the  activities’ 
early  and  late  start  times. 

3.3  Expanding  the  MM-RCPSP-GPR  for  SSTRO 

The  expanded  model’s  objective  is  to  meet  the  planned  completion  date  for  the 
restoration  of  essential  power  and  water  services  while  effectively  creating  jobs  during 
the  immediate  post-conflict  reconstruction  by  selecting  activity  execution  modes  that 
make  use  of  the  local  workforce  throughout  the  affected  region(s).  The  goal  is  not 
to  create  “make-work”  projects,  but  to  prioritize  the  employment  of  local  workers 
when  choosing  between  alternative  modes  of  execution  for  legitimate  reconstruction 
activities.  It  is  assumed  that  the  modes  considered  by  the  model  are  legitimate, 
effective  options  based  on  local  conditions. 

The  model  uses  goal  programming  to  satisfice  attainment  levels  for  the  assigned 
due  dates  for  the  restoration  of  essential  services,  desired  employment  levels  in  each 
region  of  the  reconstruction  area,  and  desired  average  income  level  of  the  activities. 
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The  model  can  represent  programs  ranging  from  the  simple,  illustrative  ex¬ 
ample  presented  in  Chapter  IV  to  a  realistically  scaled  SSTR  operation  comprising 
hundreds  or  thousands  of  activities  spanning  an  entire  country. 

3.3.1  Model  Assumptions 

The  model  makes  certain  important  assumptions.  Among  them  are: 

1.  A  level  of  security  has  already  been  established. 

2.  As  it  is  intended  for  the  immediate  post-conflict  reconstruction  phase,  the  plan¬ 
ning  horizon  for  this  model  is  approximately  one  year,  as  conditions  warrant. 

3.  Activities  may  not  be  crashed ;  that  is,  an  activity’s  duration  may  not  be 
decreased  by  increasing  its  resource  level.  Variability  in  an  activity’s  duration 
is  modeled  through  multiple  execution  modes  with  different  durations. 

4.  Precedence  relations  are  constant  over  an  activity’s  different  modes. 

3.3.2  Extraction  of  Activities  from  the  S/CRS  WBS 

S/CRS  provides  the  most  comprehensive  publicly  available  list  of  activities  in 
its  Initial  Response  tasks  [DoS  2005].  This  list  of  tasks  can  be  reorganized  into  a 
Work  Breakdown  Structure  (see  Appendix  A)  and  activities  can  be  extracted  from 
it  as  described  by  Wiley  et  al.  [1998].  Working  from  the  WBS  excerpt  shown  in 
Figure  11,  the  decision  maker  may  conclude  that  repairing  a  power  generation  plant 
and  a  power  substation  are  important  reconstruction  tasks.  These  tasks  could  be 
added  to  the  WBS  as  “4.14.3.1.1  Repair  Power  Plant”  and  “4.14.3.1.2  Repair  Power 
Substation.” 

For  example,  tasks  falling  under  work  package  3. 6. 2.1,  covering  the  provision  of 
sanitary  water,  and  work  package  4.14.3.1,  covering  the  provision  of  electricity,  may 
be  of  primary  importance  in  the  initial  phase  of  reconstruction.  Activities  falling 
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3.  HUMANITARIAN  ASSISTANCE  AND  SOCIAL  WELL-BEING 

3.6.  Public  Health 

3.6.2  Sanitation  and  Waste  Water  Management 

3.6. 2.1  Ensure  proper  sanitation,  purification,  and  distribution  of 
drinking  water 

4.  ECONOMIC  STABILIZATION  AND  INFRASTRUCTURE 

4.12.  Transportation 
4.14.  Energy 

4.14.3  Energy  Infrastructure 

4.14.3.1  Assess  condition  of  existing  natural  resources  conversion 
and  distribution  facilities,  and  power  generation  and  distribution 
facilities 

Figure  11  Excerpt  from  S/CRS  WBS 

under  4.12,  Transportation,  may  be  important  enablers  or  prerequisites  for  work  in 

3.6.2. 1  and  4.14.3.1. 

For  each  activity  drawn  from  the  WBS,  its  modes  of  execution  include  perform¬ 
ing  the  task  organically  (assigning  it  to  an  available  construction  batallion,  LTSACE, 
etc.)  or  contracting  the  task  to  bids  supplied  by  local  or  international  businesses. 
No  mathematical  model  can  replace  a  qualified  contracting  officer,  however,  and  this 
model  assumes  that  the  bids  (modes)  have  been  vetted  by  a  qualified  contracting 
officer  and  meet  any  applicable  requirements  for  minimum  livable  wages  and  time- 
and  resource-feasibility. 

3.3.3  Goals  and  Constraints 

Recalling  that  the  general  form  of  a  goal  program  is 

min  pi  (A+  +  ^ ) 
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subject  to 


n 


£  aijXj  -  <5+  +  =  bj,  for  i  —  1, , 

. . ,  m 

3= 1 

^  for  f  =  1,.. 

. ,  m\  for  j  —  1, . . 

• ,  n 

the  decision  maker  must  analyze  each  of  the  goals.  If  under-achievement  is  ac¬ 
ceptable,  only  d?+  need  be  included  in  the  objective  function;  if  over-achievement 
is  acceptable,  only  S~  need  be  considered.  Further,  if  goals  m  and  n  are  of  equal 
priority,  their  deviations  must  be  considered  in  the  same  objective  function  and  they 
must  be  weighted  relative  to  one  another 

min  E  Pi  (^m$m  "f"  T  U-n 8 n  ~\~  Wn8m^ 

i 

[Lee  and  Clayton  1972], 

For  this  demonstration,  goals  are  introduced  to  encourage  timely  restoration  of 
essential  power  and  water  services,  equitable  distribution  of  employment  opportuni¬ 
ties,  and  a  sustainable  wage  level  in  the  area  of  operations.  Other  policies  and  goals 
could  be  modeled,  as  required.  The  resource  availabilities  and  precedence  relations 
are  left  as  firm  constraints;  however,  if  there  is  flexibility  in  resource  availability, 
these  constraints  could  also  be  converted  into  goals. 

3.3.4  The  Resource  Constraints 

The  decision  maker  may  add  additional  resources  for  consideration,  but  the 
basic  demonstration  model  includes  the  following  resources: 

Organic  Elements:  The  reconstruction  authority  will  initially  have  only  a  limited 

number  of  construction  battalions,  Red  Horse  squadrons,  PRT’s,  etc.  to  assign 
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to  reconstruction  tasks.  These  units  can  be  assigned  to  reconstruction  projects 
as  execution  modes  which  do  not  require  any  local  labor. 

Laborers:  While  the  labor  pool  may  be  large,  the  number  of  local  workers  is  finite. 
In  the  Initial  Response  phase,  it  may  be  sufficient  to  assume  that  activities 
draw  workers  from  a  large,  homogenous  body.  In  later  phases,  however,  such 
an  assumption  would  not  be  realistic:  while  a  surgeon  can  drive  cab  if  it  is  the 
only  paying  work  available,  a  cab  driver  would  not  be  an  ideal  surgeon.  If  the 
data  are  available,  the  labor  pool  can  be  divided  by  skills. 

Supervisors:  Often,  the  most  limiting  resource  is  the  number  of  qualified  supervi¬ 
sors  available.  While  it  may  not  be  feasible  to  institute  managerial  training 
programs  in  the  initial  response  phase,  as  the  reconstruction  effort  progresses, 
increasing  thought  should  be  given  to  developing  future  supervisors  in  accor¬ 
dance  with  S/CRS  Initial  Response  activity  3.7  Education  [DoS  2005]. 

Funds:  Cost  may  be  a  limiting  factor.  If  funds  arc  allocated  by  region  or  by  sector,  a 
decomposition  technique  like  that  proposed  by  Wiley  et  al.  may  be  applicable 
to  balance  funds  [1998]. 

3.3.5  The  Precedence  Constraints 

Precedence  constraints  are  used  to  ensure  that  activities  do  not  commence 
before  their  prerequisites  have  achieved  the  required  level  of  completion.  The  ad¬ 
vantages  of  using  generalized  precedence  rather  than  the  simpler  zero-lag  finish-start 
relations  common  in  PERT/CPM  include  the  abilities  to  synchronize  task  com¬ 
pletions  (Finish-Finish  relations),  to  establish  deadlines  for  one  activity  relative  to 
another  (Start-Finish  relations),  and  to  establish  lead  times  (Start-Start  relations). 

For  example,  if  the  repairs  to  a  port  facility  must  progress  to  a  given  level 
before  it  can  be  used  to  process  supplies  needed  for  other  reconstruction  acitivities, 
a  start-start  precedence  relation  with  a  lag  equal  to  the  required  lead  time  could 
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be  used  to  represent  this  requirement.  If  a  water  well  requires  external  power  to 
run,  then  a  finish-finish  relation  can  synchronize  the  completion  of  the  well  with  the 
completion  of  repairs  to  the  local  power  grid. 

On  the  other  hand,  if  the  decision  maker  does  not  have  sufficient  data  to 
include  generalized  precedence  relations,  the  model  is  capable  of  processing  zero-lag 
finish-start  scheduling  without  modification. 

3.3.6  The  First  Goal:  Timely  Restoration  of  Services 

In  reconstruction  operations,  one  of  the  most  important  tasks  is  restoring  es¬ 
sential  services,  power  and  water,  in  a  timely  fashion  [Haims  et  al.  2008:23-25].  To 
ensure  this,  the  model  includes  two  dummy  activities  with  zero  duration  and  zero 
resource  demands:  activities  w  and  p.  Each  water  or  power  repair  activity  has  a 
minimal  zero-lag  finish-start  precedence  relation  to  its  appropriate  dummy  activity, 
and  the  dummy  activities  have  target  completion  times  Twater  and  Tpower.  Defining 
and  S~  as  the  lateness  and  earliness  for  the  target  water  service  restoration  date, 
and  Sp  and  8~  as  the  lateness  and  earliness  for  the  target  power  service  restoration 
date,  these  goals  are  formulated 

lSw 

^  ^  t%wlt  -^water  (21) 

t — €SW 
lSp 

txpu  —  8p  +  Sp  =  Tpower,  (22) 

t=esp 

and  the  corresponding  priority  1  (Pi)  PGP  objective  function  is 


n  K  +  y)  ■  (23) 

The  two  due  dates  are  weighted  equally,  and  the  objective  function  is  penalized  only 
for  exceeding  the  due  dates  as  given  by  <5+  and  Sp  in  (23). 
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3.3.7  The  Second  Goal:  Job  Creation 

In  post-conflict  reconstruction,  economic  impact  can  be  one  of  the  most  im¬ 
portant  aspects  of  SSTR  operations.  S/CRS  recommends  designing  “initiatives  to 
provide  immediate  employment”  and  creating  “opportunities  for  young  males”  via 
public  works  jobs  in  its  initial  response  tasks  [DoS  2005].  However,  the  traditional 
MM-RCPSP-GPR  does  not  include  information  on  the  employment  difference  be¬ 
tween  the  modes  of  execution  for  a  given  activity. 

If  the  area  of  SSTR  operations  is  large  enough  to  warrant  it,  planning  will  need 
to  include  the  issue  of  balancing  employment  opportunities  between  regions  within 
the  area  of  operations  —  e.g.,  balancing  jobs  between  governorates  within  Iraq.  To 
accomplish  this,  a  measure  of  economic  benefit  is  indexed  to  reflect  the  benefit  in  a 
particular  region  for  each  activity’s  execution  modes.  If  the  area  of  operations  has 
regions  g  —  1,  2, . . . ,  G,  then 

eimg  =  the  employment  benefit  of  activity  i  executed  in  mode  m  to  region  g 

and 

Wg  =  The  working-age  population  of  region  g  for  g  —  1, 2, . . . ,  G. 

The  employment  benefit  of  activity  i  will  be  measured  by  the  number  of  jobs  cre¬ 
ated  by  each  contract  bid  or  proposed  execution  mode  for  i.  Thus,  if  the  second 
contract  proposal  for  activity  1  creates  15  jobs  in  region  3,  61^,3  =  15.  There  may 
be  disagreement  on  whether  direct  measurement  of  employment  is  the  most  effective 
measure  of  economic  benefit;  however,  given  the  expected  dearth  of  information  in 
the  immediately  post-conflict  period,  it  may  be  the  only  measure  available.  If  more 
effective  measures  are  available,  the  definition  of  e^mg  can  be  adjusted  to  incorporate 
such  measures. 
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To  encourage  an  equitable  distribution  of  employment  opportunities,  the  model 
includes  a  second  goal  where  5+  and  5~g  are  deviations  above  and  below  the  target 
employment  level,  Jg  G  [0, 1]  in  each  region  g : 

^2  (  ^2  (  e*m9  ^ 2  Ximt  )  )  ~  +  ^eg  =  'h  (24) 

9  i= 2  \m=l  \  t=esi  /  / 

with  the  priority  2  (P2)  objective  function 

(25) 

The  goal  (24)  is  penalized  for  deviating  under  or  over  this  employment  goal  (25)  - 
this  will  help  prevent  an  imbalance  in  job  creation  between  regions.  Jg  is  currently 
defined  as  the  jobs  created  per  capita  by  the  reconstruction  for  each  region.  If  the 
employment  goal  exceeds  the  current  unemployment  rate  in  region  g,  the  goal  may  be 
unreachable,  or  the  reconstruction  may  pull  workers  away  from  other  employment. 

Assigning  each  region  an  individual  goal  allows  the  decision  maker  to  encourage 
a  particular  level  of  employment  in  each  region.  The  decision  maker  could  set  Jg 
higher  in  rural  areas  to  mitigate  population  migration  to  urban  areas.  Haims  et  al. 
assert  that,  in  SSTR  operations,  public  investment  should  be  concentrated  in  areas 
with  high  unemployment  of  excombatants  [2008:10]  —  the  decision  maker  could  set 
Jg  higher  in  these  regions.  The  goal  programming  approach  allows  this  flexibility  in 
modeling. 

3.3.8  The  Third  Goal:  Sustainable  Wages 

The  literature  on  social  welfare  is  consistent  in  acknowledging  the  positive  re¬ 
lation  between  income  and  social  welfare  (see  Section  2.3).  In  the  short-term,  simply 
creating  employment  is  a  sufficient  stop-gap  solution;  however,  as  the  reconstruction 
progresses,  increasing  emphasis  should  be  given  to  developing  the  workforce.  To  that 
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end,  the  model  includes  a  third  goal  to  allow  the  assignment  of  a  target  average- 
income  level  for  the  activities.  l-iimg  is  the  income  rating  of  activity  i  in  mode  m  to 
region  g,  /rgoai,9  is  the  target  income  level  for  region  g,  8~g  and  8gg  are  the  deviations 
below  and  above  the  target  income  level,  and  the  goal  has  the  form 

^  N- 1  Mi  1st 

^EE  l^img  E  %imt  T  8 gg  8 gg  /^goal ,g  for  g  1) •  •  ■  j  G.  (26) 

i= 2  77i=l  t=esi 

The  wages  are  averaged  by  N  —  2  to  account  for  the  two  dummy  activities,  which 
can  never  add  to  the  income  rating.  The  priority  3  (P3)  PGP  objective  function  is 

k  (ix)  •  <27> 

Suitable  measures  for  /jimg  may  be  wages  or  wages  plus  the  multiplier  effect.  If 
the  data  are  available,  the  /xgoai ,g  could  be  set  at  certain  multiple  of  that  region’s 
pre-conflict  median  income  or  to  a  suitably  large  number  ( “big  M" )  if  the  decision 
maker  wants  to  maximize  the  income  level.  The  selection  of  measures  for  this  goal 
will  depend  on  the  information  available  to  the  decision  maker. 

If  the  situation  warrants  it,  this  goal  can  be  refined  to  allow  (for  example) 
per-quarter  income  goals,  /xgoai ,g,q  for  q  —  1,2,3, 4.  In  the  first  quarter,  employment 
could  be  paramount  and  income  could  be  nearly  irrelevent,  but  the  income  goal  could 
gradually  increase  each  quarter.  The  PGP  approach  allows  this  flexibility;  however, 
it  would  come  at  the  modeling  price  of  increasing  the  dimensionality  of  the  problem. 

3-4  Final  Statement  of  the  Goal- Programming  Model 

The  the  final  PGP  model  for  the  MM-RCPSP-GPR  including  timing  and  em¬ 
ployment  goals  is  as  follows: 
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minimize  P\  (5+  + 

subject  to 

(Timely  Restoration  of  Services  Goal) 


ISyj 

y  ^  txwi  t  —  3W 

t=CSuu 

lSp 

Y  txpu  ~5p  +6p 

t=esp 


T 

±  water 


Tr 


power 


(28) 

(29) 

(30) 


(31) 

(32) 


(Job  Creation  Goal) 

^  N—l  /  Mi  /  1st  \  \ 

yy ~  ^  1  (  "y  1  (  eim9  'y  '  Ximt  J  J  _  ^ tg  +  ^ eg  =  ^9i  ^01  9  =  1,  •  •  •  ,  G  (33) 

®  i= 2  \m=l  \  t=esi  J  J 

(Sustainable  Wages  Goal) 

^  N- 1  Mi  Isi 

jy  __  2  'y  "j  y  "j  R im9  y  1  Ximt  +  —  =  Rgoal ,g  for  <?  =  1,  .  .  .  ,  G  (34) 

i= 2  ra=l  t=esi 

(One  Mode  for  Each  Activity) 

Mi  Isi 

Y  Y,  ximt  =  1, »  =  1,  2,  ■  ■  ■  ,  w  (35) 

m=l  t=esi 
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(Precedence  Relations) 


Mj  Isj 


EE  (t  H“  SSij)  %imt  ^  EE  ( txjmt ),  (i,  j)  £  Ess 

m= 1  t=esi  m= 1  t=esj 

Mi  1st  Mj  hj 

EE  +  SF ij)  Ximi  ^  EE  +  djm)  Xjmt)  (^?  j)  ^  Et 

m=l  t=esi  m=  1  t=esj 

Mi  1st  Mj  Isj 

EE  (t  +  dim  “1“  FSij)  Ximt  ^  EE  (tXjmt),  {i)  j)  G  Epg 


m=  1  t=esi 
Mi  Isi 


m=  1  t=esi 


EE  (t  +  dim  ij)  Ximt  —  EE  (l  l  ’■  !  )  €  E 


FF 


(36) 

(37) 

(38) 

(39) 


m=l  t=esi 


m=  1  t=esi 


1,2,. 

■  ■  ,K,t  —  1,2, ...  ,T 

(40) 

1,2,. 

,.,K 

(41) 

(Resource  Constraints) 

TV  Mj  minjt— 1,/sj} 

EE  F  imk  E  Xims  —  CLkt  k 

i=  1  s=max{t— djm,esi} 

IV  Jsi 

EE  Dmfc  ^  ^  %irnt,  —  j  ^  1,  2,  .  .  .  ,  A 

i=l  »n=l  t=esi 

(Variable  Domains) 

2Vnt  G  {0, 1}  ,i  =  1,2, . . .  ,7V, 

m  =  1,2, . . .  ,Mht  =  1,2, . . .  ,T 

Cg  >  o  for  g  =  1, , . . . ,  G 


(42) 

(43) 

(44) 


Equations  (28),  (29),  and  (30)  are  the  objective  functions  for  the  priority  1,  2, 
and  3  preemptive  goals.  (28)  minimizes  the  lateness  of  the  restoration  of  essential 
services.  (29)  minimizes  the  shortfall  of  employment  levels.  (30)  minimizes  the 
shortfall  in  the  average  income  ratings. 
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Equations  (31),  (32),  (33),  and  (34)  are  the  program  goals.  (31)  and  (32)  force 
the  completion  dates  for  the  water  and  power  restorations  towards  the  target  dates. 
(33)  pushes  the  employment  levels  towards  the  goal  for  each  region.  (34)  pushes  the 
average  income  ratings  towards  the  goal  for  each  region. 

Equation  (35)  forces  the  solution  to  select  one  and  only  one  mode  and  start 
time  for  each  activity.  Equations  (36),  (37),  (38),  and  (39)  enforce  the  general  prece¬ 
dence  relations,  and  equations  (40)  and  (41)  enforce  the  renewable  and  nonrenewable 
resource  availabilities. 

The  final  equations  (42),  (43),  and  (44)  define  the  variable  domains.  The  Xjmt 
variables  are  binary,  and  the  deviation  variables  are  non-negative. 

While  the  proposed  model,  for  early  periods  of  the  reconstruction  effort,  has 
focused  on  establishing  services,  employment,  and  income,  the  goal  programming 
approach  allows  for  the  inclusion  of  various  goals.  With  some  analysis,  the  recon¬ 
struction  authority  will  be  able  to  model  goals  that  are  appropriate  for  a  given 
situation. 

3. 5  Summary 

In  this  chapter,  a  mathematical  formulation  of  the  MM-RCPSP-GPR  was  de¬ 
veloped.  The  model  includes  goals  to  ensure  timely  restoration  of  essential  services, 
to  preferentially  select  execution  modes  that  make  equitable  use  of  the  local  work¬ 
force,  and  to  prefer  activity  execution  modes  that  meet  sustainable  income  goals.  In 
the  next  chapter,  this  model  will  be  applied  to  a  notional  reconstruction  project  to 
illustrate  its  application. 
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IV.  Illustrative  Analysis 


4-1  Introduction 

This  chapter  presents  an  analysis  of  a  notional  SSTR  operation  to  illustrate 
the  approach  developed  in  this  research.  First,  Section  4.2  provides  an  overview  of 
the  scenario.  Section  4.3  applies  the  MM-RCPSP-GPR  model  to  the  scenario  at 
an  aggregate  level:  it  develops  a  list  of  project  activities  with  resource  and  prece¬ 
dence  constraints;  defines  the  levels  of  resources  available;  and  describes  the  modes 
of  execution  available  for  each  activity.  Finally,  Section  4.4  presents  the  schedule 
generated  by  the  model. 

4-2  Notional  Scenario 

This  section  presents  an  SSTRO  scenario  in  a  notional  region.  The  numbers 
of  activites,  modes,  regions,  and  resources  have  been  set  artificially  low  to  facilitate 
visual  presentation  of  the  scenario.  A  brief  background  of  the  scenario  is  given, 
including  an  outline  of  the  conflict  and  the  cessation  of  hostilities. 

4-2.1  Conflict  Background 

The  region  in  question  is  a  province  of  a  notional  former  French  colony,  Acadie, 
(Figure  12)  which  gained  its  independence  in  the  1960s.  Since  then,  like  so  many 
former  colonies,  it  has  experienced  significant  civil  strife.  In  the  province  of  Acadie 
de  l’Ouest,  this  conflict  recently  escalated  to  the  point  that  it  gained  international 
attention.  The  UN  agreed  to  send  a  peacekeeping  force  to  the  area,  and  security 
was  restored.  However,  significant  damage  had  been  done  to  the  Acadie  de  I’Ouest’s 
infrastructure  and  institutions. 


49 


Conflict 

Region 


Figure  12  Map  of  Acadie 


Table  4  Demographics  of  Acadie  de  l’Ouest 


Population 

10,000 

Age  structure 

0-14  years:  25%;  15-64  years:  50%;  >  65  years:  25% 

Median  age 

30  years 

Ethnic  groups 

Former  Colonists  45%,  Indigenous  45%,  Creole  5%, 
Other  5% 

Religions 

Roman  Catholic  45%,  Indigenous  religions  50%,  other  5% 

Languages 

French,  Local 
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4-3  Model  Application 


4-3.1  Reconstruction  Goals 

The  UN  Reconstruction  Authority  (UNRA)  has  decided  not  to  break  the  area 
of  operations  into  smaller  subregions,  thus  G  =  1  in  the  model.  With  inputs  from 
several  other  government  agencies  and  NGO’s,  the  UNRA  has  decided  on  the  fol¬ 
lowing  goals  for  the  reconstruction  effort: 

1.  Restoration  of  independent  water  and  power  services  within  six  months  - 

Uwater  =  Tpowe,  =  24  weeks. 

2.  Local  job  creation  rate  of  30  new  jobs  per  100  workers  —  J  =  0.30. 

3.  Maximize  income  level  —  Rgoaip  is  set  to  a  “big  M”  that  is  larger  than  it  can 

possibly  attain  in  order  to  force  the  average  income  rating  as  high  as  possible: 

Rgoal,l  =  30. 

4-3.2  Resources  Available 

As  summarized  in  Table  5,  the  reconstruction  authority  has  estimated  the  local 
working  population  to  be  about  2,000  (the  population  of  healthy  males  between  the 
ages  of  15  and  64,  in  deference  to  local  cultural  mores),  about  50  individuals  with 
significant  managerial  training  still  reside  in  the  province,  and  the  UNRA  includes 
two  construction  units. 


Table  5  Resources 


Resource 

Availability 

Workers 

2,000 

Supervisors 

50 

Organic  Construction  Units 

2 
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4-3.3  Reconstruction  Activities 

For  this  example,  the  model  components  are  aggregated,  high-level  reconstruc¬ 
tion  projects;  however,  the  model  elments  can  be  resolved  down  to  the  decision 
maker’s  desired  level  of  detail. 

Figure  13  shows  the  conflict  region.  The  reconstruction  projects  selected  by 
the  UNRA  are  labeled  a  through  j  and  are  shown  in  their  respective  locations.  The 
reconstruction  projects  and  dummy  projects  are  outlined  and  assigned  reference 
numbers  in  Table  6. 


Table  6  Reconstruction  Projects 


Proj. 

# 

Description 

Proj. 

# 

Description 

start 

1 

Dummy  Start 

g 

8 

Local  Well 

a 

2 

Port 

h 

9 

NG  Well 

b 

3 

Highway 

i 

10 

Power  Substation 

c 

4 

Irrigation  Sys. 

j 

11 

Local  Water  Sys. 

d 

5 

Power  Plant 

water 

12 

Dummy  Power 

e 

6 

Water  Plant 

power 

13 

Dummy  Water 

f 

7 

Local  Well 

finish 

14 

Dummy  Finish 
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Projects  1  and  14  are  the  artificial  start  and  finish  events.  Projects  13  and  14 
are  the  artificial  water  and  power  events;  the  realization  of  these  events  represent 
the  restoration  of  water  and  power  services  used  in  Goal  1.  Projects  2,  3,  4,  and  9 
are  general  infrastructure  repairs. 

•  Project  2:  The  province’s  main  port  facility  is  in  need  of  repair;  it  is  important 
to  begin  this  job  quickly  because  the  port  is  needed  to  move  supplies  to  the 
other  reconstruction  activities. 

•  Project  3:  The  province  is  linked  to  its  neighbor  to  the  east  by  one  main  high¬ 
way.  This  highway  must  be  repaired  to  facilitate  moving  supplies  to  accomplish 
repairs  in  the  north. 

•  Project  4 :  To  restart  farming  in  the  southwest,  the  irrigation  system  must  be 
repaired. 

•  Project  9:  To  begin  restoring  trade,  repairs  must  be  made  to  the  province’s 
primary  natural  gas  wellhead. 

Projects  5  and  10  are  power  service  infrastructure  repairs. 

•  Project  5:  The  province  has  one  major  power  plant  which  requires  repairs 
before  it  can  be  brought  back  on  line. 

•  Project  10:  The  power  substation  linking  the  province  with  its  neighbor  to  the 
east  has  suffered  from  severe  neglect  and  requires  maintenance  before  it  can 
be  reactivated. 

Projects  6,  7,  8,  and  11  are  water  service  infrastructure  repairs. 

•  Project  6 :  The  province’s  main  water  treatment  plant  has  been  damaged. 

•  Projects  7  &  8:  The  rural  areas  of  the  province  are  dependent  on  local  wells 
for  potable  water;  these  wells  require  repairs. 

•  Project  11:  The  local  water/sewage  distribution  system  in  one  area  requires 
repairs  to  restore  sanitation  services. 
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- ►  - ►  . ► 

Finish-Start  Start-Start  Finish -Finish 


Figure  14  Project  Precedence  Relations 

4-3.4  Precedence  Relations 

Before  any  projects  can  be  scheduled,  the  decision  maker  must  define  the  prece¬ 
dence  relations. 

In  this  scenario,  the  two  projects  which  must  begin  before  any  others  are  repairs 
to  the  province’s  port  facilities  (project  7^2)  and  to  the  main  highway  connecting  the 
province  to  the  rest  of  the  region  (#3).  Port  and  highway  repairs  must  progress  suf¬ 
ficiently  to  allow  their  use  for  delivering  supplies  to  effect  the  other  repairs;  however, 
they  need  not  be  completed  before  other  repairs  can  begin.  Start-start  precedence 
relations  between  the  port  repairs  and  the  repairs  to  the  power  plant  (#5)  and  the 
water  treatment  plant  (#6)  will  restrict  the  plants’  repairs  from  beginning  until  the 
port  repairs  have  made  progress:  s3  + 10  <  s5  and  s3  + 10  <  s6,  the  start  times  of  #5 
and  #6  (s5,  s6)  must  lag  the  start  time  of  #2  (s2)  by  10  weeks.  Similarly,  start-start 
precedence  relations  will  ensure  sufficient  delay  between  the  highway  repair  (#3) 
and  the  local  well  repairs  (#7,  #8). 
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The  port  repairs  can  progress  in  advance  of  the  power  and  water  because 
supplies  and  power  can  be  provided  by  ships  in  dock;  likewise,  the  highway  repair 
can  procede  in  advance  of  water  and  power  because  supplies  can  be  brought  in  from 
the  neighboring  province. 

In  addition,  the  timing  of  repairs  to  the  power  plant  (#5)  and  water  treatment 
plant  (#6)  must  be  coordinated.  The  power  plant  cannot  be  brought  fully  online 
without  sufficient  water  for  cooling,  and  the  treatment  plant  needs  electricity  to 
operate.  To  ensure  the  plants’  repairs  end  concurrently,  their  finish  times  are  related 
through  a  zero-lag  finish-finish  precedence.  Once  the  power  plant  is  repaired,  the 
power  substation  tying  the  province’s  electrical  grid  to  its  neighboring  province  must 
be  repaired  (#10). 

Because  much  of  the  province  is  rural,  the  population  is  highly  dependent  on 
local  wells  for  potable  water.  Repairs  to  these  local  water  wells  (#7,  #8)  and  to 
the  water  distribution  system  in  the  northeast  (#11)  must  be  completed  to  restore 
water  services. 

Finally,  there  are  two  independent  infrastructure  projects:  repairing  the  irri¬ 
gation  system  (#4)  and  a  natural  gas  wellhead  in  the  southwest  (#9). 

Figure  14  illustrates  these  precedence  relations.  General  infrastructure  projects 
are  shown  in  green;  water  projects  are  blue;  and  power  projects  are  orange.  Dummy 
projects  to  track  the  restoration  of  water  and  power  and  the  end  of  reconstruction 
are  shown  with  rounded  corners. 

4-3.5  Modes,  Durations,  and  Demands 

The  UNRA  has  gathered  bids  from  local  and  international  companies  for  each 
project.  For  each  project,  each  feasible  bid  is  assigned  as  an  execution  mode.  There 
is  no  inherent  limit  on  the  number  of  modes  for  each  activity. 
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Each  bid  for  each  project  includes  expected  demands  for  the  various  resources 


of  interest  to  the  decision  maker:  laborers,  supervisors,  funds,  and  so  forth. 

To  keep  the  instance  size  manageable  for  this  illustrative  example,  each  project 
has  three  execution  modes:  Completion  by  an  Organic  Construction  Unit  assigned 
to  the  peacekeeping  force  (Mode  1),  by  an  International  Company  (Mode  2),  or 
by  a  Local  Company  (Mode  3).  Each  mode  has  an  expected  duration  in  weeks  as 
described  in  Table  7,  and  resource  demands  as  in  Table  8. 


Table  7  Project  Mode  Durations 


i 

Description 

d%\ 

di2 

dj.3 

i 

Description 

dn 

da 

diS 

1 

Dummy  Start 

0 

100 

100 

8 

Local  Well 

i 

2 

3 

2 

Port 

30 

40 

50 

9 

NG  Well 

40 

45 

50 

3 

Highway 

7 

7 

14 

10 

Power  Substation 

3 

6 

12 

4 

Irrigation  Sys. 

3 

6 

9 

11 

Local  Water  Sys. 

5 

7 

9 

5 

Power  Plant 

12 

24 

40 

12 

Dummy  Power 

0 

100 

100 

6 

Water  Plant 

13 

20 

25 

13 

Dummy  Water 

0 

100 

100 

7 

Local  Well 

1 

2 

3 

14 

Dummy  Finish 

0 

100 

100 

Table  8  Project  Mode  Resource  Demands 


i 

Description 

r  ill 

n  21 

n  31 

n  12 

U22 

T  *32 

Ti  13 

n 23 

D3  3 

1 

Dummy  Start 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Port 

1 

0 

0 

0 

2 

10 

0 

10 

275 

3 

Highway 

1 

0 

0 

0 

2 

10 

0 

5 

137 

4 

Irrigation  Sys. 

1 

0 

0 

0 

2 

10 

0 

1 

25 

5 

Power  Plant 

1 

0 

0 

0 

2 

10 

0 

8 

180 

6 

Water  Plant 

1 

0 

0 

0 

2 

10 

0 

5 

112 

7 

Local  Well 

1 

0 

0 

0 

2 

10 

0 

1 

27 

8 

Local  Well 

1 

0 

0 

0 

2 

10 

0 

1 

25 

9 

NG  Well 

1 

0 

0 

0 

2 

10 

0 

8 

200 

10 

Power  Substation 

1 

0 

0 

0 

2 

10 

0 

2 

60 

11 

Local  Water  Sys. 

1 

0 

0 

0 

2 

10 

0 

2 

50 

12 

Dummy  Power 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13 

Dummy  Water 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

Dummy  Finish 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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4-3.6  Early  and  Late  Starts 

The  early  and  late  start  times  in  weeks  for  each  project  were  computed  as 
described  in  Subsection  3.2.2;  the  times  are  listed  in  Table  9.  The  code  formulation 


Table  9  Project  Early  and  Late  Start  Times 


i 

Decription 

esi 

lSi 

i 

Decription 

esi 

lSi 

1 

Start  Event 

1 

13 

8 

Local  Well 

11 

51 

2 

Port 

1 

23 

9 

NG  Well 

1 

13 

3 

Highway 

1 

37 

10 

Power  Substation 

24 

50 

4 

Irrigation  Sys. 

1 

50 

11 

Local  Water  Sys. 

12 

47 

5 

Power  Plant 

12 

38 

12 

Power  Event 

24 

52 

6 

Water  Plant 

11 

37 

13 

Water  Event 

24 

52 

7 

Local  Well 

11 

47 

14 

Finish  Event 

41 

52 

used  to  generate  these  start  times  is  included  in  Appendix  B. 


4-4  Model  Solution 

The  model  was  solved  using  the  data  from  the  previous  section  and  the  goal 
programming  formulation  presented  in  Section  3.4.  The  dimensionality  of  the  in¬ 
stance  necessitates  the  use  of  a  matrix  generator.  LINGO  was  used  to  generate  and 
solve  this  instance;  however,  there  are  other  equally  capable  IP  generators  such  as 
GAMS.  The  solution  was  generated  on  a  Hewlett-Packard  desktop  computer  with 
these  specifications:  AMD  Athlon™  64  X2  Dual  at  2.19  GHz  with  960  MB  of  RAM 
using  LINGO  11.0.0.20.  The  formulation  includes  1203  variables  and  197  constraints. 

While  the  model  is  large  even  for  this  small  example,  an  advantage  of  goal 
programming  is  that  the  optimum  objective  function  value  is  known;  as  soon  as  a 
given  goal’s  deviation  is  reduced  to  0,  the  branch-and-bound  algorithm  can  termi¬ 
nate.  This  often  significantly  reduces  the  solution  time  of  goal  programs  versus  other 
integer  programs.  The  IP  for  the  first  goal  was  generated  and  solved  in  17  seconds, 
the  second  in  25  seconds,  and  the  third  in  33  seconds. 
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The  specific  LINGO  formulation  and  the  data  hies  used  are  collected  in  Ap¬ 
pendix  B. 


4-4-1  The  First  Goal:  Timely  Restoration  of  Essential  Services 

The  first  goal  attempts  to  restore  essential  water  and  power  services  on  or 
before  a  target  date  subject  to  the  precedence  relations  by  minimizing  only  the 
deviations  over  this  target  date. 

Solving  the  integer  program  for  the  first  goal,  restoration  of  water  and  power 
services  in  24  weeks,  produces  the  solution  in  Table  10. 


Table  10  P\  Timely  Restoration  of  Services 


i 

Description 

mi 

Si 

dim 

fi 

i 

Description 

rn% 

dim 

fi 

1 

Start  Event 

1 

1 

0 

1 

8 

Local  Well 

3 

20 

3 

23 

2 

Port 

2 

1 

40 

41 

9 

NG  Well 

2 

7 

45 

52 

3 

Highway 

3 

1 

14 

15 

10 

Power  Substation 

2 

46 

6 

52 

4 

Irrigation  Sys. 

2 

2 

6 

8 

11 

Local  Water  Sys. 

2 

17 

7 

24 

5 

Power  Plant 

1 

12 

12 

24 

12 

Power  Event 

1 

24 

0 

24 

6 

Water  Plant 

1 

11 

13 

24 

13 

Water  Event 

1 

24 

0 

24 

7 

Local  Well 

1 

11 

1 

12 

14 

Finish  Event 

1 

52 

0 

52 

The  deviation  variables  have  the  values: 


^power 

5+  = 

power 

^  water  0, 

A+  — 

water 

S~  =  0.1425, 

4+  =  o 

5~  =  19.35, 

<£  =  o 

0 

0 


The  power  and  water  goals  are  both  attained.  The  per-capita  jobs  created  are 
about  half  the  goal:  there  is  room  for  improvment. 

In  this  first  goal  schedule,  water  and  power  are  restored  at  exactly  24  weeks 
(si2  =  S13  =  24),  and  repairs  to  the  port  and  highway  start  immediately  (s2  =  S3  = 


1).  Only  two  jobs  are  assigned  mode  3,  execution  by  a  local  company.  This  accounts 
for  the  low  job  creation  rate  indicated  by  S~  =  0.1425. 


4-4-2  The  Second  Goal:  Job  Creation 

The  second  goal  attempts  to  select  modes  of  execution  for  each  project  that 
result  in  a  target  level  of  job  creation  by  minimizing  both  the  deviations  over  and  un¬ 
der  this  target  level  while  maintaining  the  satisfaction  of  the  first  goal.  The  objective 
is  not  to  create  “make-work”  projects  or  maintain  a  certain  level  of  employment,  but 
rather,  given  a  set  of  projects  to  accomplish,  to  give  preferential  selection  to  modes 
of  execution  that  result  in  higher  (or  lower,  as  determined  by  Jg)  use  of  the  local 
workforce. 

Each  project  mode’s  expected  number  of  local  jobs  created  was  developed  and 
the  results  are  shown  in  Table  11. 


Table  11  Project  Mode  Job  Creation 


i 

Description 

Gil 

Gi2 

GiZ 

i 

Description 

Gil 

Gi2 

Ci3 

1 

Start  Event 

0 

0 

0 

8 

Local  Well 

0 

3 

35 

2 

Port 

0 

12 

285 

9 

NG  Well 

0 

10 

210 

3 

Highway 

0 

7 

147 

10 

Power  Substation 

0 

4 

70 

4 

Irrigation  Sys. 

0 

3 

35 

11 

Local  Water  Sys. 

0 

4 

60 

5 

Power  Plant 

0 

10 

190 

12 

Power  Event 

0 

0 

0 

6 

Water  Plant 

0 

7 

122 

13 

Water  Event 

0 

0 

0 

7 

Local  Well 

0 

3 

37 

14 

Finish  Event 

0 

0 

0 

Solving  the  integer  program  for  the  second  goal,  equitable  creation  of  employ¬ 
ment  opportunity,  produces  the  solution  in  Table  12.  The  job  creation  goal  changed 
the  modes  of  execution  for  projects  2,  3,  7,  9,  and  11.  Projects  2,  9,  and  11  changed 
from  international  companies  to  local  companies;  project  3  changed  from  a  local 
company  to  an  organic  construction  unit;  and  project  7  changed  from  an  organic 
construction  unit  to  an  international  project. 
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Table  12  P2  Equitable  Employment  Opportunities 


i 

Description 

mi 

Si 

dim 

fi 

i 

Description 

mi 

dim 

fi 

1 

Start 

1 

1 

0 

1 

8 

Local  Well 

3 

21 

3 

24 

2 

Port 

3 

1 

50 

51 

9 

NG  Well 

3 

1 

50 

51 

3 

Highway 

1 

1 

7 

8 

10 

Power  Substation 

2 

44 

6 

50 

4 

Irrigation  Sys. 

2 

1 

6 

7 

11 

Local  Water  Sys. 

3 

14 

9 

23 

5 

Power  Plant 

1 

12 

12 

24 

12 

Power  Event 

1 

24 

0 

24 

6 

Water  Plant 

1 

11 

13 

24 

13 

Water  Event 

1 

24 

0 

24 

7 

Local  Well 

2 

12 

2 

14 

14 

Finish  Event 

1 

52 

0 

52 

The  new  values  of  the  deviation  variables  are: 


5 


5 , 


=  0, 


power 
^  water  0) 

K  =  o, 

=  29.29, 


<5+ 

power 


0 


5 


+ 

water 


o 


%  =  0 
K  = 0 


Power  and  water  service  restoration  times  are  still  maintained.  The  per  capita  job 
creation,  however,  is  now  exactly  equal  to  the  goal  of  0.30.  The  income  attainment 
is  significantly  worse  than  its  previous  attainment  level;  the  next  goal  attempts  to 
improve  the  income  attainment  level. 


4.4.3  The  Third  Goal:  Sustainable  Income  Levels 

The  third  goal  attempts  to  set  the  average  income  rating  to  a  desired  level, 
/igoailS,  while  maintaining  the  satisfaction  of  the  first  two  goals.  In  this  instance, 
/Xgoai,i  is  set  to  a  value  larger  than  it  can  possibly  attain,  /rg0ai,i  =  30.  This  will  force 
the  average  income  rating  as  high  as  possible  to  minimize  the  deviation  under  the 
target.  The  income  rating  of  each  project  mode  was  calculated  based  on  the  ratio 
of  the  mode’s  median  wage  to  the  pre-conflict  median  wage  in  the  area  of  operation. 
These  ratings  are  shown  in  Table  13. 
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Table  13  Project  Mode  Income  Ratings 


i 

Description 

h-il 

lk'2 

i 

Description 

Mzl 

fl>i2 

h-i3 

1 

Start  Event 

0 

0 

0 

8 

Local  Well 

0 

0.8 

0.8 

2 

Port 

0 

1 

1 

9 

NG  Well 

0 

1 

1.1 

3 

Highway 

0 

0.9 

1 

10 

Power  Substation 

0 

0.8 

0.8 

4 

Irrigation  Sys. 

0 

1 

1.2 

11 

Local  Water  Sys. 

0 

0.9 

1.2 

5 

Power  Plant 

0 

1.2 

1.1 

12 

Power  Event 

0 

0 

0 

6 

Water  Plant 

0 

0.8 

0.8 

13 

Water  Event 

0 

0 

0 

7 

Local  Well 

0 

1.2 

0.9 

14 

Finish  Event 

0 

0 

0 

Solving  the  integer  program  for  the  third  goal,  sustainable  income  levels,  pro¬ 
duces  the  solution  in  Table  14.  The  sustainable  income  goal  changed  the  modes  of 
execution  for  projects  4,  7,  8,  9,  and  10.  Projects  4,  7,  and  10  have  changed  from 
international  companies  to  local  companies;  projects  8  and  9  have  changed  from  local 
companies  to  international  companies. 


Table  14 

P3 

Sust 

ainablc  Income  Levels 

i 

Description 

mi 

Si 

dim 

fi 

i 

Description 

nii 

dim 

fi 

1 

Start  Event 

1 

1 

0 

1 

8 

Local  Well 

2 

n 

2 

13 

2 

Port 

3 

1 

50 

51 

9 

NG  Well 

2 

l 

45 

46 

3 

Highway 

1 

1 

7 

8 

10 

Power  Substation 

3 

24 

12 

36 

4 

Irrigation  Sys. 

3 

1 

9 

10 

11 

Local  Water  Sys. 

3 

15 

9 

24 

5 

Power  Plant 

1 

12 

12 

24 

12 

Power  Event 

1 

24 

0 

24 

6 

Water  Plant 

1 

11 

13 

24 

13 

Water  Event 

1 

24 

0 

24 

7 

Local  Well 

3 

11 

3 

14 

14 

Finish  Event 

1 

52 

0 

52 

The  new  values  of  the  deviation  variables  are: 


c— 

^power 

=  0, 

<5+ 

power 

e— 

^ water 

=  0, 

A+ 

water 

4" 

=  0, 

£e+  = 

S~  =  19.31, 

h 1 

st  = 
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In  this  schedule,  the  solution  to  the  complete  model,  the  attainment  levels  for  the 
first  two  goals  are  maintained,  but  the  attainment  for  the  income  goal  has  been 
improved  to  10.69. 

In  the  final  schedule,  water  and  power  are  still  restored  at  24  weeks  (si2  =  s'13  = 
24).  The  port  and  highway  repairs  start  immediately  (s2  =  s3  =  1).  Repairs  to  the 
irrigation  system  and  natural  gas  well  start  immediately  as  well  (54  =  Sq  —  1).  The 
water  and  power  plant  repairs  start  at  week  12  and  11  (55  =  12,  S6  =  11).  The  local 
well  repairs  start  at  week  11  (s?  —  s8  =  11)  after  the  highway  repair  has  progressed 
for  10  weeks.  The  power  substation  project  starts  at  week  24  (sio  =  24)  after  the 
power  plant  is  completed.  And  repairs  to  the  local  water  system  start  at  week  15 
(sil  =  15)  after  the  first  well  (#7)  is  completed. 

4-4-4  Sensitivity  Analysis 

Schniederjans  lists  several  types  of  changes  that  can  be  made  for  sensitivity 
analysis  in  goal  programming  [1995].  Of  those  listed,  two  are  applicable  to  the  current 
problem:  (1)  reordering  preemptive  constraints  and  (2)  changes  to  right-hand-side 
values. 

With  respect  to  changes  of  type  (1),  exchanging  the  order  of  goals  1  and  2, 
the  timing  and  employment  goals,  does  not  change  the  solution  because  goals  1  and 
2  can  be  satisfied  (S~  =  <5+  =  hpOW6r  =  heater  =  0)  simultaneously.  Moving  income 
to  the  highest  priority  (regardless  of  the  order  of  the  other  two)  allows  5~  =  18.97 
and  has  the  effect  of  pushing  the  power  and  water  completion  dates  to  11  weeks 
late  and  the  job  creation  rate  to  0.0045  below  the  goal  of  0.30.  Given  humanitarian 
considerations,  this  is  not  likely  to  be  desirable  unless  other  temporary  means  of 
restoring  services  are  available.  Alternative  priorities  can  be  investigated,  however, 
as  required. 

Examining  changes  of  type  (2),  shortening  the  deadline  for  power  and  water 
restoration  can  make  the  first  goal  unattainable.  Increasing  the  job  creation  goal 
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does  not  effect  the  timing  of  the  goal,  but  it  makes  the  job  creation  goal  unsatisfiablc 
(5~  7^  0)  and  worsens  the  deviation  of  the  income  goal  slightly.  Changing  the  income 
goal  does  not  significantly  change  the  solution  because,  being  the  third  priority  goal, 
there  is  not  that  much  room  for  increase  or  decrease. 

Hence,  for  this  problem  instance,  the  order  of  the  priorities  can  be  changed 
to  suit  the  decision  maker  without  dramatically  changing  the  solution  produced. 
However,  the  problem  instance  is  sensitive  to  changes  in  the  targets  for  the  three 
goals. 


4-4-5  Example  Application  of  a  Project  Monitoring  Tool 

One  of  the  key  advantages  to  using  project  scheduling  is  that  is  allows  the 
decision  maker  to  take  advantage  of  established  project  monitoring  tools.  One  way 
of  measuring  the  progress  of  an  entire  project  is  the  aggregate  measure  earned  value 
[Meredith  and  Mantel  2000:428]. 

Earned  value  management  developed  from  the  DoD’s  PERT/Cost  and  Cost/ 
Schedule  Control  System  Criteria  (C/SCSC).  Earned  value  management  compares 
the  earned  value  of  work  performed  (Budgeted  Cost  of  Work  Performed,  BCWP)  for 
those  tasks  in  progress  to  the  Actual  Cost  of  the  Work  Performed  (ACWP)  and  the 
predicted  cost  of  the  work  that  was  scheduled  to  have  been  completed  (Budgeted 
Cost  of  Work  Scheduled,  BCWS)  at  the  present  point  in  a  project  schedule.  A  cost 
variance  is  a  difference  between  the  BCWP  and  the  ACWP;  a  schedule  variance  is 
a  difference  between  BCWP  and  the  BCWS  [ibid.: 430]. 

If,  for  example,  at  week  21  of  the  SSTRO,  the  project  has  the  earned  value 
chart  in  Figure  15,  the  project  is  on  cost,  but  behind  schedule: 

Cost  Variance  =  BCWP  —  ACWP  =  89  —  89  =  0 
Schedule  Variance  =  BCWP  —  BCWS  =  66  —  89  =  —23 
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Time  (wks) 

Figure  15  Earned  Value  Chart 

While  each  project’s  duration  and  percent  complete  are  often  rough  estimates,  having 
the  project  schedule  gives  the  decision  maker  a  baseline  to  plan  by  and  against  which 
to  measure  progress.  Other  project  management  monitoring  tools  and  metrics  can 
be  applied  —  see  Meredith  and  Mantel  [2000],  Kerzner  [2003],  and  other  project 
management  references  for  specific  details. 

4  •  5  Summary 

In  this  chapter,  the  expanded  MM-GPR-RCPSP  was  applied  to  a  notional  re¬ 
construction  project.  It  was  shown  that  the  model  produces  feasible  solutions  and 
that  each  preemptive  goal  improves  the  solution  with  respect  to  that  goal  without 
effecting  the  solution’s  satisfaction  of  higher  priority  goals.  The  model  allows  alter¬ 
native  priorities  and  policies  to  be  investigated  so  plans  can  be  evaluated.  Monitoring 
is  enabled  by  the  use  of  any  project  management  tools  available. 

While  three  goals  were  illustrated  in  this  example,  the  goal  programming  mod¬ 
eling  framework  allows  a  range  of  goals,  priorities,  and  policies  to  be  considered,  as 
dictated  by  the  individual  operational  setting.  The  level  of  granularity  of  the  model 
will  depend  on  the  information  and  computational  power  available. 
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The  next  chapter  will  present  the  research  conclusions  and  suggest  future  av¬ 


enues  of  related  research. 
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V.  Conclusions  and  Future  Research 


5.1  Research  Conclusions 

This  research  developed  a  goal-programming-based,  resource-constrained  project 
scheduling  approach  to  planning  for  the  initial  response  phase  of  post-conflict  stabi¬ 
lization,  security,  transition,  and  reconstruction  operations.  The  relevant  literature 
on  post-conflict  reconstruction,  project  scheduling,  and  goal  programming  was  re¬ 
viewed.  From  this  review,  the  conclusion  was  drawn  that  preference  should  be  given 
to  activities  which  make  use  of  the  local  workforce  when  planning  reconstruction 
activities. 

With  this  conclusion  in  mind,  an  illustrative  model  was  developed  which  in¬ 
cludes  three  goals:  meeting  timely  deadlines  for  restoring  essential  services;  dis¬ 
tributing  employment  equitably  among  regions  in  the  area  of  operations;  and  meet¬ 
ing  standards  for  sustainable  incomes  in  each  region.  The  solution  presented  allows 
the  reconstruction  authority  to  schedule  their  activities  with  a  mind  towards  the 
ultimate  recovery  of  the  region  while  still  meeting  the  requirements  of  the  initial 
response.  This  model  was  then  applied  to  a  notional  scenario  to  show  how  it  can 
be  applied  to  an  SSTR  operation.  By  including  an  array  of  objective  goals  and 
priorities,  the  model  allows  the  investigation  of  varying  SSTRO  settings.  Indeed, 
it  could  be  applied  to  any  type  of  stabilization  operation  where  development  and 
employment  are  to  be  considered. 

In  conclusion,  this  paper  makes  two  main  points.  First,  SSTRO  plans  should 
consider  the  economic  impact  of  reconstruction  activities.  The  United  States  Gov¬ 
ernment  Interagency  Counterinsurgency  Initiative’s  U.S.  Government  Counterin¬ 
surgency  Guide  affirms  the  importance  of  economic  considerations  in  stabilization 
operations:  stating  that  COIN  operations  seek 
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...  to  provide  essential  services  and  stimulate  long  term  economic 
growth,  thereby  generating  confidence  in  the  government  while  at  the 
same  time  reducing  the  pool  of  frustrated,  unemployed  young  men  and 
women  from  which  insurgents  can  readily  recruit  [USGICI  2009:3]. 

Second,  to  facilitate  effective  execution  of  reconstruction  activities,  quanti¬ 
tative  project  scheduling  techniques  can,  and  should,  be  applied  to  SSTRO.  No 
amount  of  planning  will  replace  competent  commanders  on  the  ground:  as  General 
Field  Marshall  Helmuth  von  Moltke  famously  remarked,  “.  .  .  no  plan  of  operations 
extends  with  any  certainty  beyond  the  first  contact  with  the  main  hostile  force” 
[Keyes  2006:xi],  However,  a  project  schedule  forms  a  baseline  by  which  any  SSTRO 
can  be  planned  for  and  measured  against.  Using  sound  analytical  processes,  dif¬ 
ferent  SSTRO  strategies  can  be  compared.  Sensitivity  analysis  can  be  conducted 
to  explore  the  effect  of  different  parameters  on  the  schedule  of  reconstruction  ac¬ 
tivities.  Further,  the  use  of  established  project  management  techniques  allows  the 
use  of  established  project  management  tracking  tools.  To  wit,  using  sound  manage¬ 
ment  practices  adds  quantitative  defensibility  to  an  SSTRO  plan  and  can  uncover 
shortfalls  or  other  problems. 

5.2  Future  Research 

This  research  is  a  step  towards  the  employment  of  sound  project  management 
techniques  in  the  post-conflict  environment.  Using  this  study  as  a  starting  point, 
several  directions  of  future  research  suggest  themselves. 

First,  this  model  limits  itself  to  restoring  essential  infrastructure  during  the  initial 
response  phase  of  SSTRO.  A  useful  project  would  be  to  extend  the  planning 
horizon  to  include  the  S/CRS’s  Transformation  and  Fostering  Sustainability 
phases  of  SSTRO.  The  model  could  account  for  long-term  improvements  in 
social  welfare  or  other  appropriate  measures. 

In  addition  to  extending  the  planning  horizon,  future  research  could  broaden 


67 


the  scope  of  the  model  to  include  tasks  outside  the  sector  of  Economy  and 
Infrastructure  that  were  used  in  this  this  introductory  analysis.  Indeed  the 
formulation  of  a  broader,  more-holistic  social  welfare  function  for  use  in  SSTRO 
would  be  a  worthwhile  effort.  Alternatively,  the  model  could  be  extended  to 
provide  output  in  a  format  compatible  with  MPICE  goals  and  measures. 

Second,  the  development  of  a  heuristic  to  generate  solutions  quickly  for  medium- 
to  large-sized  problems  would  be  worthwhile.  For  realistically  sized  RCPSP 
instances,  a  heuristic  may  execute  in  a  more  operationally  feasible  time  than 
computing  exact  solutions.  De  Reyck  and  Herroelen  use  a  Tabu  search  method 
to  find  good  solutions  for  the  MM-RCPSP-GPR  [1999].  Several  constructive 
heuristics  for  the  RCPSP  exist  [Artigues  and  Riveau  2008].  Extending  a  heuris¬ 
tic  to  account  for  the  economic  goals  of  this  model  could  allow  faster  generation 
of  solutions  for  larger  problem  instances.  This  may  be  particularly  justified 
when  the  parameters  are  known  to  be  estimates  at  best. 

Third,  Demculemeester,  Herroelen,  and  others  have  done  significant  research  in  the 
held  of  schedule  robustness  —  creating  schedules  which  minimize  the  proba¬ 
bility  of  activities  starting  after  their  scheduled  start  times  under  uncertain 
activity  durations  or  uncertain  resource  levels.  SSTRO  activities  generally 
have  significant  uncertainty  that  is  not  accounted  for  by  the  MM-RCPSP- 
GPR  model.  Adding  proactive/reactive  procedures  to  the  schedule  generation 
scheme  could  help  meet  the  National  Science  and  Technology  Council’s  goal  of 
developing  techniques  to  manage  risk  in  infrastructure  reconstruction  [NSTC 
2008:15]  Allowing  the  user  to  manually  delay  an  activity’s  start  or  finish  time 
would  help  planners  understand  the  interrelations  between  activities  and  the 
cascading  effect  such  a  perturbation  might  have. 

Finally,  this  model  could  be  used  to  augment  other  SSTRO  analysis  packages.  If 
the  planning  horizon  were  extended,  this  scheduling  approach  could  provide 
closer  detail  of  project  execution  modes.  For  example,  this  model  could  pro- 


vide  details  on  government  hiring  rates  and  infrastructure  levels  for  the  Labor 
Market  submodel  and  Critical  Infrastructure  submodel  of  Richardson’s  sys¬ 
tems  dynamics  SSTRO  model,  it  could  augment  Robbins’  region-level  systems 
model  [2005]  with  subregional  activity  execution  information,  or  it  could  pro¬ 
vide  additional  detail  to  AFRL’s  National  Operational  Environment  Model 
(NOEM)  model.  Further,  if  the  model  included  stochastic  elements  and  proac¬ 
tive/reactive  scheduling,  it  could  run  within  another  simulation  to  provide 
timing  information  on  specific  projects  within  the  overall  stabilization  opera¬ 
tion. 

Any  of  these  avenues  would  be  valuable  further  steps  towards  sound  project 
management  in  post-conflict  environments.  The  use  of  these  techniques  will  allow 
better  planning  for  and  tracking  of  SSTRO;  and  reactive  techniques  will  allow  better 
responses  to  changes  in  the  planning  environment.  These  studies  would  give  future 
military  planners  tools  for  modeling  the  full  spectrum  of  conflict  in  which  the  modern 
military  operates. 
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Appendix  A.  S/CRS  Immediate  Respnonse  Tasks 
Work  Breakdown  Structure 


Included  here  are  the  Initial  Response  tasks  from  the  State  Department’s  Office  of 
the  Coordinator  of  Reconstruction  and  Stabilization’s  Post-Conflict  Reconstruction 
Essential  Tasks  list  [http://www.crs.state.gov]  translated  into  a  Work  Breakdown 
Structure. 

Sectoral  tasks  outside  Economic  Stabilization  and  Infrastructure  that  have  an 
infrastructure  implication  are  highlighted  with  grey  shading. 

A .  1  Security 

The  first  portion  of  the  WBS  includes  those  tasks  relating  to  establishing  a 
safe  and  secure  environment  [DoS  2005:1-1]. 
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1.  SECURITY 

1.1.  Disposition  of  Armed  and  Other  Security  Forces,  Intelligence  Services  and  Belligerents 

1.1.1.  Cessation  of  Hostilities 

1 . 1 . 1 . 1 .  Enforce  ceasefires 

1 . 1 . 1 .2.  Supervise  disengagement  of  belligerent  forces 

1 . 1 . 1 .3.  Identify  and  neutralize  potential  spoilers 

1 . 1 . 1 .4.  Negotiate  terms  for  exchange  of  prisoners  of  war 

1.1. 1.5.  Engage  indigenous  forces  capable  of  promoting  immediate  stability 

1.1.2.  Enforcement  of  Peace  Agreements  and/or  Other  Arrangements 

1.1. 2.1.  Provide  security  for  negotiations  among  indigenous  belligerents 

1.1. 2. 2.  Develop  confidence-building  measures  between  indigenous  belligerents 

1 . 1 .2.3.  Conduct  counterinsurgency  operations 

1.1.3.  Disposition  and  Constitution  of  National  Armed  Services 

1 . 1 .3. 1 .  Implement  plan  for  disposition  of  indigenous  armed  forces  and  other  national  security  institutions 

1.1. 3. 2.  Identify  future  roles,  missions  and  structure 

1 . 1 .3.3.  Vet  senior  officers  and  other  individuals  for  past  abuses 

1.1. 3. 4.  Coordinate  and  integrate  with  DDR  plans 

1.1.4.  Disarmament 

1 . 1 .4. 1 .  Negotiate  arrangements  with  belligerents 

1.1. 4. 2.  Establish  and  enforce  weapons  control  regimes,  including  collection  and  destruction 

1.1. 4. 3.  Identify  international  arms  dealers 

1.1. 4. 4.  Provide  reassurances  and  incentives  for  disarmed  faction 

1.1. 4. 5.  Establish  monitoring  regime 

1.1.5.  Demobilization 

1 . 1 .5. 1 .  Establish  demobilization  camps 

1.1. 5. 2.  Ensure  adequate  health,  food  provisions,  and  security  for  belligerents 

1.1.6.  Reintegration  of  Combatants 

1.1. 6.1.  Design  reintegration  strategy,  including  assessment  of  absorptive  capacity  of  economic  and  social 

sectors 

1.1. 6. 2.  Provide  jobs,  pensions  or  other  material  support  for  demobilized  forces 

1.1. 6. 3.  Coordinate  with  overall  political  and  economic  recovery  plans 

1.1.7.  Disposition  and  Constitution  of  National  Intelligence  Service(s) 

1.1. 7.1.  Implement  plan  for  disposition  of  indigenous  intelligence  services  and  other  national  security 

institutions 

1.1. 7.2.  Identify  future  roles,  missions  and  structure 

1.1. 7. 3.  Vet  individuals  for  past  abuses  and  activities 

1.1. 7. 4.  Coordinate  and  integrate  with  DDR  plans 

1 .2.  Territorial  Security 

1.2.1.  Border  and  Boundary  Control 

1.2. 1.1.  Establish  border  security,  including  customs  regime  to  prevent  arms  smuggling,  interdict 

contraband  (i.e.,  drugs  and  natural  resources),  prevent  trafficking  of  persons,  regulate 
immigration  and  emigration,  and  establish  control  over  major  points  of  entry 

1.2.2.  Freedom  of  Movement 

1. 2.2.1.  Establish  and  disseminate  rules  relevant  to  movement 

1. 2.2.2.  Facilitate  internal  travel  of  key  leaders 

1.2. 2. 3.  Dismantle  roadblocks  and  establish  checkpoints 

1.2. 2. 4.  Regulate  air  and  overland  movement 

1.2. 2. 5.  Ensure  freedom  of  movement 

1.2.3.  Identification  Issues 

1.2. 3.1.  Establish  identification  regime  including  securing  documents  relating  to  personal  identification, 

property  ownership,  court  records,  voter  registries,  birth  certificates  and  driving  licenses 

1.3.  Public  Order  and  Safety 

1.3.1.  Protection  of  Non-Combatants 

1.3. 1.1.  Protect  vulnerable  elements  of  population  (refugees,  IDP,  women,  children) 
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1.3. 1.2.  Ensure  humanitarian  aid  and  security  force  access  to  endangered  populations  and  refugee  camps 

1.3.2.  Interim  Policing 

1.3. 2.1.  Perform  civilian  police  functions  including  investigating  crimes  and  making  arrests 

1.3. 2.2.  Supervise  incarceration  processes  and  transfer  to  prison  facilities 

1.3.3.  Controlling  Crowds  and  Disturbances  Control 

1.3. 3.1.  Control  crowds,  prevent  looting  and  manage  civil  disturbances 

1.3. 3. 2.  Conduct  special  police  operations  requiring  formed  units,  including  investigations  and  arrests 

1.3.4.  Clearance  of  UXO 

1.3. 4.1.  Conduct  emergency  de-mining  and  UXO  removal 

1.3. 4. 2.  Conduct  mapping  and  survey  exercises  of  mined  areas 

1.3. 4. 3.  Mark  mine  fields 

1.3. 4. 4.  Identify  and  coordinate  emergency  requirements 

1.3. 4. 5.  Establish  priorities  and  conduct  de-mining  operations 

1.4.  Protection  of  Indigenous  Individuals,  Infrastructure  and  Institutions 

1.4.1.  Private  Institutions  and  Key  Leaders 

1 .4. 1 . 1 .  Protect  key  political  and  societal  leaders 

1.4. 1.2.  Protect  and  secure  places  of  religious  worship  and  cultural  sites 

1 .4. 1 .3.  Protect  private  property  and  factories 

1.4.2.  Critical  Facilities 

1.4. 2.1.  Protect  and  secure  critical  infrastructure,  natural  resources,  civil  registries,  property  ownership 

documents 

1.4. 2. 2.  Secure  records,  storage,  equipment  and  funds  related  to  criminal  justice  and  security  institutions 

1.4.3.  Military  Facilities 

1.4. 3.1.  Identify,  secure  and  protect  stockpiles  of  conventional,  nuclear,  biological,  radiological  and 

chemical  materials 

1.4. 3. 2.  Secure  military  depots,  equipment,  ammunition  dumps  and  means  of  communication 

1.4.4.  Public  Institutions 

1.4. 4.1.  Protect  and  secure  strategically  important  institutions  (e.g.,  government  buildings,  museums, 

religious  sites,  courthouses,  communications,  etc.) 

1.4.5.  Witness  and  Evidence  Protection 

1.4. 5.1.  Locate  and  safeguard  key  witnesses,  documents  and  other  evidence  related  to  key  ongoing  or 

potential  U.S.  investigations  and  prosecutions 

1.5.  Protection  of  Reconstruction  and  Stabilization  Personnel  and  Institutions 

1.5.1.  Official  Civilian  Stabilization  and  Reconstruction  Personnel  and  Facilities 

1.5. 1.1.  Protect  government-sponsored  civilian  stabilization  and  reconstruction  personnel 

1.5. 1.2.  Provide  logistical  support  to  sustain  them  in  the  field 

1.5.2.  Contractor  and  NGO  Stabilization  and  Reconstruction  Personnel  and  Facilities 

1. 5.2.1.  Protect  contractor  and  NGO  stabilization  personnel  and  resources 

1. 5.2.2.  Provide  logistical  support 

1 .6.  Security  Coordination 

1.6.1.  International  Security  Forces 

1.6. 1.1.  Develop  integrated  command,  control  and  intelligence  (C2I)  and  information  sharing 

arrangements  between  international  military,  constabulary  and  civilian  police  forces 

1.6. 1.2.  Determine  rules  of  engagement;  clearly  define  roles  and  responsibilities,  including 

custody/transfer  of  detainees 

1.6.2.  Intelligence  Support 

1.6. 2.1.  Provide  integrated  intelligence  support  for  international  military,  constabulary  and  civilian  police 

forces 

1.6.3.  Coordination  with  Indigenous  Security  Forces 

1.6. 3.1.  Develop  coordinated  C2I  arrangements  between  international  and  indigenous  security  forces 

1.6.4.  International  Civilian-Military  Coordination 

1.6. 4.1.  Develop  coordinated  military  and  civilian  C2I  and  information  sharing  arrangements 

1.6.5.  Regional  Security  Arrangements 

1.6. 5.1.  Negotiate  or  modify  regional  security  arrangements  with  all  interested  parties 
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1.6. 5.2.  Negotiate  the  enhancement  of  cross  border  controls  and  security 

1.6. 5. 3.  Consult  with  neighboring  countries  on  border  security  plans 
1.7.  Public  Information  and  Communications 

1.7.1.  Disseminate  Security  Information 

1.7. 1.1.  Identify  or  establish  outlets  for  international,  national,  and  local  news  media 

1.7. 1.2.  Utilize  media  as  public  information  tool  to  provide  factual  information  and  control  rumors 

1.7. 1.3.  Issue  effective  press  releases  and  timely  provision  of  information  services  as  needed  in  local 

languages 

1 .7. 1 .4.  Assist  National  Transitional  Administration  and/or  National  Government  to  inform  public 

regularly 
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A. 2  Governance  and  Participation 

The  second  portion  includes  tasks  relating  to  determining  governance  structure 
and  establishing  a  foundation  for  citizen  participation  [DoS  2005:11-1]. 
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2.  GOVERNANCE  AND  PARTICIPATION 

2.1.  National  Constituting  Processes 

2.1.1.  National  Dialogue 

2. 1.1.1.  Establish  process  at  national,  regional,  and/or  local  levels  to  represent  views  of  citizenry,  consider 

political  pressures  and  interests 

2.1.2.  Constitution 

2. 1.2.1.  Work  with  indigenous  actors  to  establish  constitutional  commission  and  determine  method  of 

adoption 

2. 1.2.2.  Provide  technical  and  legal  advisors  with  expertise  on  key  issues  in  constitutional  process 

(regional,  ethnic,  and  religious;  division  of  powers) 

2.2.  Transitional  Governance 

2.2.1.  International  Transitional  Administration 

2. 2. 1.1.  Determine  need  for  international  transitional  administration 

2. 2. 1.2.  Establish  transitional  political  authority;  and  interim  civil  administration,  placing  advisors  into 

key  Ministries  and  local  governments 

2. 2. 1.3.  Vet  indigenous  officials  and  reconstitute  leadership  at  multiple  levels  of  government 

2. 2. 1.4.  Deliver  administrative  support  systems 

2.2.2.  National  Transitional  Administration 

2.2.2. 1.  Establish  rules  and  realistic  timetable  for  interim  national  government 

2. 2. 2.2.  Work  with  indigenous  leaders  to  recruit  individuals  to  serve  on  and  advise  the  national  transitional 

government 

2.2. 2. 3.  Establish  process  for  passing  and  amending  interim  laws  and  regulations 

2.3.  Executive  Authority 

2.3.1.  Executive  Mandate  and  Structure 

2.3. 1 . 1 .  Prioritize  government  functions 

2. 3. 1.2.  Identify  unmet  institutional  needs 

2. 3. 1.3.  Determine  structure  and  affordable  size  of  civil  service  to  meet  immediate  and  future  needs 

2.3.2.  Civil  Service  Staffing 

2.3.2. 1.  Develop  transparent  process  to  vet  executive  officials,  civil  servants  and  employees  of  state 

owned  enterprises  and  to  identify  individuals  to  receive  training 

2. 3. 2. 2.  Encourage  members  of  the  diaspora  with  leadership  skills  to  return  to  country 

2.3.3.  Revenue  Generation  and  Management 

2.3.3. 1.  Assess  mechanism  for  generating  and  managing  revenue  at  different  levels  of  government 

2. 3. 3. 2.  Establish  anti-corruption  measures  for  sources  prone  to  misuse,  especially  extractive  industries 

and  state-owned  enterprises 

2. 3. 3. 3.  Coordinate  resources  across  levels  of  government 

2.3.4.  Government  Resources  and  Facilities 

2.3.4. 1.  Establish  basic  facilities  to  enable  National  Transitional  Infrastructure  Administration  to  function 

2.4.  Legislative  Strengthening 

2.4.1.  Mandate 

2.4. 1.1.  Establish  interim  legislative  process 

2. 4. 1.2.  Establish  authority  of  legislative  branch  to  participate  in  national  policy-making  process  and 

provide  oversight  of  executive  authority 

2.4.2.  Citizen  Access 

2.4.2. 1.  Identify  legal,  institutional,  and  political  obstacles  affecting  citizens’  input  to  legislative  process 

2.4.3.  Staffing  and  Training 

2.4.3. 1.  Provide  training  and  support  for  provisional  lawmakers 

2.4.4.  Resources  and  Facilities 

2.4.4. 1.  Assure  the  initial  lawmaking  process  is  adequately  resourced 

2.5.  Local  Governance 

2.5.1.  Local  Governance  Mandate 

2. 5. 1.1.  Restore  essential  local  public  services 

2. 5. 1.2.  Establish  mechanisms  for  local  level  participation,  taking  into  account  history  and  culture 

2. 5. 1.3.  Establish  temporary  liaison  process  between  national  and  local  governing  institutions 
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2.5.2.  Staffing  and  Training 

2.5.2. 1.  Develop  transparent  process  to  vet  local  officials  and  civil  servants 

2. 5. 2.2.  Initiate  local  service  delivery  training  and  support 

2.5.3.  Services,  Resources  and  Facilities 

2.5.3. 1.  Assure  resources  for  personnel,  supplies,  and  equipment  to  deliver  essential  local  services 

2. 5. 3. 2.  Identify,  rehabilitate,  secure,  and  maintain  basic  facilities  to  enable  delivery  of  essential  local 

services 

2.6.  Transparency  and  Anti-Corruption 

2.6.1.  Anti-Corruption 

2. 6. 1.1.  Provide  legal  advisors  and  consultants 

2. 6. 1.2.  Create  mechanisms  to  curtail  corruption  across  government  institutions 

2. 6. 1.3.  Design  and  implement  anti-corruption  campaign,  including  education 

2.6. 1 .4.  Mainstream  anti-corruption  efforts  into  other  programs 

2. 6. 1.5.  Develop  agreement  and  mechanisms  for  dealing  with  past  abuses 

2.6. 1 .6.  Seek  international  cooperation  to  combat  corruption 

2.6.2.  Oversight 

2.6.2. 1.  Encourage  formation  of  watchdog  organizations  in  public  and  private  sectors  to  monitor 

international  and  national  institutions 

2.7.  Elections 

2.7.1.  Elections  Planning  and  Execution 

2.7. 1.1.  Set  realistic  timetable,  goals,  and  budget  for  elections 

2. 7. 1.2.  Facilitate  indigenous  decision  on  the  mode  of  representation  and  sequence  of  elections 

(national/local) 

2. 7. 1.3.  Determine  identification  requirements  for  registration/voting 

2. 7. 1.4.  Establish  independent  national  electoral  commission 

2.7. 1 .5.  Establish  or  verify  voter  registry 

2.7.2.  Elections  Monitoring 

2.7.2. 1.  Secure  agreements  for  international  and  domestic  monitoring  presence 

2.7.3.  Elections  Outreach 

2.7.3. 1.  Enable  electoral  commission  to  publicize  election  timetable  and  encourage  citizen  participation 

2.13.2.  Gauge  public  opinion  through  polling 

2.8.  Political  Parties 

2.8.1.  Party  Formation 

2.8. 1 . 1 .  Support  political  competition 

2. 8. 1.2.  Ensure  clear  legal  status,  protections,  and  regulations  of  political  parties 

2.8.2.  Party  Training 

2.8.2. 1.  Identify  and  assess  capabilities  of  potential  political  party  leaders  and  structures 

2.9.  Civil  Society  and  Media 

2.9.1.  Civil  Society  Environment 

2.9. 1.1.  Review  existing  regulations  on  NGOs  and  civil  society  actors 

2. 9. 1.2.  Identify  and  assess  civil  society  actors,  their  roles  in  the  conflict,  membership  and  capacity 

2.9.2.  Civic  Education 

2.9.2. 1.  Establish  civic  education  and  public  education  campaigns  to  raise  awareness  and  understanding  of 

new  political  structure,  human  rights,  tolerance  and  other  issues 

2.9.3.  Strengthening  Capacity  and  Partnerships 

2.9.3. 1.  Provide  support  to  civil  society  to  deliver  services,  promote  democracy  and  tolerance,  and  give 

voice  to  concerns  of  vulnerable  populations 

2. 9. 3. 2.  Encourage  inter-group  partnerships  and  community  building  functions  at  the  local  level 

2. 9. 3. 3.  Link  these  efforts  to  national  governance  initiatives 

2.9.4.  Professionalism  and  Ethics 

2.9.4. 1.  Institute  short-term  training  for  journalists,  editors,  government  spokespersons,  and  other  media 

professionals 

2.9.5.  Media  Business  Development 

2.9.5. 1.  Train  media  managers,  advertising  department  staff,  and  business  consultants 
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2. 9. 5.2.  Provide  small  grants  and  low  interest  loans  for  start-ups  and/or  rebuilding 
2.9.6.  Media  Environment 

2.9.6. 1.  Develop  regulatory  environment  for  use  of  access  to  the  media 

2. 9. 6. 2.  Ensure  appropriate  balance  between  government  and  independent  media 

2. 9. 6. 3.  Support  monitoring  of  media  rights  violations  as  well  as  of  inflammatory  or  unprofessional  media 

contents 

2.10.  Public  Information  and  Communications 

2.10.1.  Disseminate  Govemancelnformation 

2. 10. 1 . 1 .  Identify  or  establish  outlets  for  international,  national,  and  local  news  media 

2.10.1.2.  Utilize  media  as  public  information  tool  to  provide  factual  information  and  control  rumors 

2.10.1.3.  Issue  effective  press  releases  and  timely  provision  of  information  services  as  needed  in  local 
languages 

2. 10. 1 .4.  Assist  National  Transitional  Administration  and/or  National  Government  to  inform  public 
regularly 
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A. 3  Humanitarian  Assistance  and  Social  Well-being 

The  third  portion  includes  tasks  relating  to  providing  for  emergency  humani¬ 
tarian  needs  [DoS  2005:111-1]. 
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3.  HUMANITARIAN  ASSISTANCE  AND  SOCIAL  WELL-BEING 

3.1.  Refugees  and  Internally  Displaced  Persons  (IDPs) 

3.1.1.  Prevention  of  Population  Displacements 

3. 1 . 1 . 1 .  Ensure  humanitarian  access  to  populations  in  need 

3. 1 . 1 .2.  Assess  total  food  needs  for  affected  populations 

3. 1.1. 3.  Determine  the  reliability  of  local  market  channels;  assess  availability  of  local  supplies  to  meet 

needs 

3. 1.1. 4.  Be  aware  of  local  crop  cycles  so  that  local  supplies  can  be  used  to  feed  populations  and  to  ensure 

that  food  aid  deliveries  do  not  interfere  with  local  purchases  and  markets 

3. 1.1. 5.  Assess  the  adequacy  of  local  physical  transport,  distribution  and  storage  facilities 

3. 1 . 1 .6.  Estimate  food  aid  needs  for  affected  populations 

3. 1.1. 7.  Assess  personnel  requirements  to  facilitate  the  provision  of  humanitarian  needs 

3. 1.1. 8.  Provide  emergency  food,  water,  sanitation,  shelter,  and  medicine 

3. 1.1. 9.  Maintain  freedom  of  movement  and  ensure  borders  are  open  to  potential  refugees 

3.1.1.10.  Coordinate  with  other  donors  and  humanitarian  agencies 

3.1.2.  Refugee  Assistance 

3. 1.2.1.  Urge  asylum  countries  to  keep  borders  open  to  refugees 

3. 1.2.2.  Establish  registration  and  screening  mechanisms 

3. 1.2. 3.  Assess  total  food  needs  for  affected  populations 

3. 1.2.4.  Determine  the  reliability  of  local  market  channels;  assess  availability  of  local  supplies  to  meet 

needs 

3. 1.2.5.  Be  aware  of  local  crop  cycles  so  that  local  supplies  could  be  used  to  feed  populations  and  to 

ensure  that  food  aid  deliveries  do  not  interfere  with  local  purchases  and  markets 

3. 1.2.6.  Assess  the  adequacy  of  local  physical  transport,  distribution  and  storage  facilities 

3. 1.2.7.  Assess  personnel  requirements  to  facilitate  the  provision  of  humanitarian  needs 

3. 1.2.8.  Estimate  food  aid  needs  for  refugees. 

3. 1.2.9.  Provide  humanitarian  assistance  including  emergency  food,  water,  sanitation,  shelter,  and 

medicine.  Pay  special  attention  to  the  needs  of  vulnerable  groups,  including  women,  children 

3.1.2.10.  Maintain  freedom  of  movement  and  ensure  borders  are  open  to  potential  refugees 

3. 1 .2. 1 1 .  Coordinate  with  other  donors  and  humanitarian  agencies 

3.1.2.12.  Where  no  other  options  exist,  establish  camps  that  recognize  physical,  economic,  social,  and 

security  considerations 

3.1.2.13.  Implement  information  campaign  to  keep  refugees  informed 

3.1.2.14.  Ensure  adequate  protection  and  monitoring  in  the  countries  of  origin  and  asylum 

3.1.3.  Internally  Displaced  Persons  (IDPs)  Assistance 

3. 1.3.1.  Ensure  freedom  of  movement  to  the  greatest  extent  possible 

3. 1.3.2.  Establish  registration  and  monitoring  mechanisms 

3. 1.3.3.  Promote  traditional  coping  mechanisms  (e.g.,  homestays) 

3. 1.3. 4.  Provide  assistance  to  families  and  communities  hosting  IDPs 

3. 1.3.5.  Establish  IDP  camps  if  necessary  and  provide  basic  humanitarian  assistance 

3. 1.3.6.  Assess  total  food  needs  for  affected  populations 

3. 1.3.7.  Determine  the  reliability  of  local  market  channels;  assess  availability  of  local  supplies  to  meet 

needs 

3. 1.3.8.  Ensure  that  food  aid  deliveries  do  not  interfere  with  local  production  and  markets; 

3. 1.3.9.  Track  local  crop  cycles  and  to  the  extent  feasible,  produce  food  supplies  locally 

3.1.3.10.  Assess  the  adequacy  of  local  physical  transport,  distribution  and  storage  facilities.  Assess  the 
desirability  of  contracting  commercial  facilities. 

3.1.3.11.  Coordinate  with  other  donors  and  humanitarian  agencies 

3.1.3.12.  Assess  personnel  requirements  to  facilitate  the  provision  of  humanitarian  needs 

3.1.3.13.  Establish  public  information  campaign  to  inform  IDPs 

3.1.4.  Refugee  and  IDP  Camp  Security 

3. 1 .4. 1 .  Ensure  adequate  protection  and  monitoring 

3. 1.4.2.  Ensure  humanitarian  aid  and  security  force  access  to  endangered  populations  and  refugee  camps 
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3.2.  Trafficking  in  Persons 

3.2.1.  Anti-Trafficking  Strategy 

3.2. 1.1.  Assess  levels  of  forms  of  trafficking  in  persons  in  region,  sub-regions,  and  country 

3.2. 1.2.  Collect  and  analyze  data  to  map  trafficking  levels  and  routes 

3. 2. 1.3.  Establish  benchmarks  for  measuring  trafficking 

3. 2. 1.4.  Analyze  supply  and  demand  factors  to  gain  insight  into  economic  forces  that  make  trafficking 

attractive 

3. 2. 1.5.  Document  the  extent  of  trafficking  and  sexual  exploitation  in  refugee  and  conflict  situations 

3. 2. 1.6.  Develop  multifaceted  and  integrated  strategy  based  on  prevention  of  trafficking,  protection  and 

assistance  for  victims,  and  prosecution  of  traffickers 

3.2.2.  Assistance  for  Victims 

3.2.2. 1.  Provide  assistance  to  victims  of  trafficking  including  rescue,  shelter,  and  access  to  psychological, 

legal  and  medical  assistance 

3. 2. 2. 2.  Establish  or  support  victim  hotlines 

3. 2. 2. 3.  Support  programs  for  victims  of  conflict-related  trafficking,  including  refugees  and  IDPs 

3. 2. 2. 4.  Partner  with  non-governmental  organizations  and  faith-based  institutions  that  are  fighting 

trafficking  and  assisting  victims  of  prostitution,  child  labor,  and  all  forms  of  slavery 

3.2.3.  Anti-Trafficking  Legislation 

3.2.3. 1.  Assess  political  will  to  combat  trafficking  as  evidenced  by  legislative  reform  and  enforcement, 

prosecution  of  traffickers,  and  cooperation  with  NGOs,  faith-based  institutions,  and 
governments  to  prosecute  traffickers 

3.3.  Food  Security 

3.3.1.  Famine  Prevention 

3. 3. 1.1.  Monitor  and  analyze  food  security  by  conducting  livelihood-based  food  security  analyses 

3. 3. 1.2.  Disseminate  early  warning  and  food  security  analyses  through  production  of  targeted  information 

products 

3. 3. 1.3.  Predict  the  effects  of  conflict  on  access  to  food  (e.g.,  presence  of  refugees,  price  of  food) 

3. 3. 1.4.  Assess  serious  challenges  to  response 

3.3.2.  Emergency  Food  Relief 

3.3.2. 1.  Conduct  rapid  food  and  nutrition  assessments  with  particular  attention  to:  (i)  market  prices, 

channels  and  infrastructure;  and  (ii)  local  agricultural  production  of  basic  food  stuffs,  including 
the  harvest  cycle 

3. 3. 2.2.  Estimate  total  food  needs 

3. 3. 2. 3.  Coordinate  with  other  donors  and  humanitarian  agencies 

3. 3. 2. 4.  Assess  the  adequacy  of  local  physical  transport,  distribution  and  storage  facilities 

3. 3. 2. 5.  Secure  emergency  food  aid  distribution  channels 

3. 3. 2. 6.  Deliver  emergency  food  (including  therapeutic  feeding)  to  most  vulnerable  populations 

3. 3. 2. 7.  Supply  adequate  storage  facilities  to  prevent  food  contamination 

3.3.3.  Food  Market  Response 

3.3.3. 1.  Identify  existing  markets  including  market  interferences,  such  as  bottlenecks  and  failures 

(monopolies,  cartels,  policy  interferences) 

3. 3. 3. 2.  Identify  crop  and  harvest  cycles  and  traditional  trade  patterns 

3. 3. 3. 3.  Conduct  market  surveys/assessments 

3. 3. 3. 4.  Assess  weather  conditions,  transportation  networks,  and  storage  facilities 

3.4.  Shelter  and  Non-Food  Relief 

3.4.1.  Non-Food  Relief  Distribution 

3.4. 1 . 1 .  Conduct  rapid  non-food  needs  assessments 

3. 4. 1.2.  Secure  emergency  non-food  relief  distribution  channels 

3. 4. 1.3.  Deliver  emergency  non-food  items  (plastic  sheeting,  sundries,  blankets,  etc.)  to  most  vulnerable 

populations 

3. 4. 1.4.  Protect  non-food  distribution  network 
WM.  1  FMjSjj^fiajfeluate  storage  fac  ilities 

3.4.2.  Shelter  Construction 

3.4.2. 1.  Provide  emergency  shelter  for  immediate  needs 
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3. 4. 2. 2.  Develop  housing  development  strategy  to  address  refugees/IDPs  as  well  as  reintegration  of  ex¬ 

combatants 

3. 4. 2. 3.  Link  Cash-For-Work  activities  to  jump-start  affected  economies 

3.5.  Humanitarian  Demining 

3.5.1.  Mine  Awareness 

3. 5. 1.1.  Teach  people  how  to  recognize,  avoid,  and  inform  demining  authorities  of  the  presences  of  land 

mines.  Focus  efforts  on  children  and  young  males 

3. 5. 1.2.  Utilize  a  variety  of  materials  and  media  to  convey  important  messages 

3.5. 1.3.  Be  sensitive  to  the  cultural  mores  of  the  population  (e.g.,  have  women  train  women  in  Muslim 

societies) 

3.5.2.  Mine  Detection 

3.5.2. 1.  Conduct  a  landmine  impact  survey  to  determine  the  nature  and  extent  of  the  landmine  problem: 

identify  broad  areas  within  the  country  where  mines  exist  and  estimate  the  extent  of  the 
problem. 

3. 5. 2. 2.  Demarcate  mined  areas 

3. 5. 2. 3.  Note  the  number  and  types  of  mines  found  within  the  area 

3.5.3.  Mine  Clearance 

3.5.3. 1.  VOID 

3.5.4.  Survivor  Assistance 

3.5.4. 1.  Treat  initial  injuries 

3. 5. 4. 2.  Develop  survivor  assistance  strategy 

3. 5. 4. 3.  Assist  with  settlement  and  resettlement  of  refugees  and  IDPs  who  may  be  endangered  by 

landmines  in  the  course  of  flight  from  their  homes  and  subsequent  return 

3.6.  Public  Health 

3.6.1.  Potable  Water  Management 

3.6. 1 . 1 .  Ensure  proper  quantity  of  drinking  water 

3.6.2.  Sanitation  and  Waste  Water  Management 

3.6.2. 1.  Ensure  proper  sanitization,  purification  and  distribution  of  drinking  water 

3. 6. 2. 2.  Provide  interim  sanitation,  wastewater  and  waste  disposal  services 

3.6.3.  Medical  Capacity 

3.6.3. 1.  Stockpile  and  distribute  emergency  medical  supplies  and  drugs 

3. 6. 3.2.  Set  up  or  re-open  accessible  clinics  to  deal  with  emergency  health  problems  (e.g.,  disease, 

infection,  wounds) 

3.6.4.  Local  Public  Health  Clinics 

3.6.4. 1.  Evaluate  need  for  new  clinics 

3. 6. 4. 2.  Repair  and  rebuild  clinics 

3.6.5.  Hospital  Facilities 

3.6.5. 1.  Evaluate  need  for  new  hospitals 

3. 6. 5. 2.  Repair  and  rebuild  hospitals 

3.6.6.  Human  Resources  Development  for  Health  Care  Workforce 

3.6.6. 1.  Recruit  doctors,  nurses,  and  staff  and  community  health  workers 

3.6.7.  Health  Policy  and  Financing 

3.6.7. 1.  Evaluate  cost  and  efficiency  of  health  care  system  to  ensure  basic  health  care  needs  are  being  met 

3.6.8.  Prevention  of  Epidemics 

3.6.8. 1.  Prevent  epidemics  through  immediate  vaccinations 

3.6.9.  HIV/AIDS 

3.6.9. 1.  Assess  HIV/AIDS  prevalence  especially  in  most  vulnerable  populations  (e.g.,  IDPs,  refugees, 

military,  peacekeepers) 

3. 6. 9.2.  Consider  immediate  preventative  measures 

3.6.10.  Nutrition 

3.6.10.1.  Assess  chronic  and  acute  malnutrition 

3.6.10.2.  Set  up  therapeutic  feeding  centers  as  necessary  for  most  vulnerable  children  (e.g.,  under  5) 

3.6.10.3.  Provide  vitamin  A  supplements  to  mothers  and  children 

3.6. 1 1 .  Reproductive  Health 

[DoS  2005] 


85 


3.6.1 1.1.  Assess  emergency  care  needs  (e.g.,  transportation,  birthing  facilities) 

3.6.1 1.2.  Provide  family  planning  to  most  vulnerable  population  segments 

3.6.12.  Environmental  Health 

3.6.12.1.  Identify  most  dangerous  public  health  hazards  and  isolate  from  public  when  possible 

3.6.12.2.  Safeguard/eliminate  most  dangerous  health  hazards 

3.6.13.  Community  Health  Education 

3.6.13.1.  Support  a  public  information  campaign  to  educate  population  about  crisis-induced  health  risks 

3.6.13.2.  Obtain  medical  educational  materials 

3.7.  Education 

3.7.1.  Human  Resources 

3. 7. 1.1.  Reopen  schools  as  quickly  as  possible 

3. 7. 1.2.  Use  them  to  reach  civil  populace  with  programs 

3.7.2.  Education — Schools 

3.7.2. 1.  Evaluate  need  for  new  schools 

3. 7. 2. 2.  Build  and  repair  schools 

3. 7.2. 3.  Obtain  educational  materials 

3.7.3.  Education — Universities 

3.7.3. 1 .  Evaluate  need  for  new  universities 

3.13.1.  Build  and  repair  universities 

3. 7. 3. 3.  Obtain  educational  materials 

3.7.4.  Curriculum 

3.7.4. 1.  VOID 

3.7.5.  Literacy  Campaign 

3.7.5. 1.  Survey  literacy  levels  and  linguistic  groups 

3. 7. 5.2.  Develop  literacy  campaign 

3.8.  Social  Protection 

3.8.1.  Social  Protection 

3. 8. 1.1.  Launch  program  for  social  protection  and  empowerment  of  vulnerable  populations  (women,  war 

widows,  orphans/street  children,  sick,  elderly,  veterans,  etc.) 

3.9.  Assessment,  Analysis  and  Reporting 

3.9.1.  Humanitarian  and  Social  Well-being  Assessment,  Analysis  and  Reporting 

3. 9. 1.1.  Identify  what  critical  information  is  needed,  where  to  find  it,  what  are  major  gaps,  and  how  to 

share,  present  and  disseminate  the  information.  If  possible,  conduct  this  assessment  in  advance 
and  identify  the  gaps  in  data,  information  and  knowledge 

3. 9. 1.2.  Collect  information  that  can  provide  situational  awareness  (e.g.,  conditions  on  the  ground; 

severity  indicators;  who  are  affected  populations;  location  and  numbers  of  affected  populations; 
damage  assessments;  security  assessments) 

3. 9. 1.3.  Collect  information  that  can  provide  operational  or  programmaticinformation  (e.g.,  logistical 

access  routes;  "who's  doing  what  where";  program/financial  needs  of  organizations;  who  are 
other  donors) 

3. 9. 1.4.  Collect  information  for  background  knowledge  (e.g.,  history;  geography;  population 

demographics  and  composition;  baseline  health  indicators;  political  and  economic  structure  and 
status;  infrastructure;  and  culture  of  the  country) 

3. 9. 1.5.  Analyze  information  in  context;  relate  to  other  thematic  information;  evaluate  issues  and 

responses;  make  projections  about  the  future;  recommend  policies  and  actions 

3.9.2.  Census 

3.9.2. 1.  Establish  policy  dialogue  with  national  planning  leaders  to  plan  national  census 

3. 9. 2. 2.  Establish  partnership  with  UN  agencies  to  gamer  additional  donor  support 

3.9.3.  Land  Registers 

3.9.3. 1.  Establish  policy  dialogue  with  national  planning  leaders  to  develop  land  registration  records 

3. 9. 3. 2.  Establish  partnership  with  UN  agencies  to  gamer  additional  donor  support 

3.10.  Public  Information  and  Communications 

3.10.1.  Disseminate  Humanitarian  and  Social  Well-Being  Information 

3.10.1.1.  Identify  or  establish  outlets  for  international,  national,  and  local  news  media 
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3.10.1.2.  Utilize  media  as  public  information  tool  to  provide  factual  information  and  control  rumors 

3.10.1.3.  Issue  effective  press  releases  and  timely  provision  of  information  services  as  needed  in  local 
languages 

3. 10. 1 .4.  Assist  National  Transitional  Administration  and/or  National  Government  to  inform  public 
regularly 
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A. 4  Economic  Stabilization  and  Infrastructure 


The  fourth  portion  includes  tasks  relating  to  responding  to  immediate  infras¬ 
tructure  needs  [DoS  2005TV-1]. 


4.  ECONOMIC  STABILIZATION  AND  INFRASTRUCTURE 

4.1.  Employment  Generation 

4.1.1.  Public  Works  Jobs 

4. 1.1.1.  Design  initiatives  to  provide  immediate  employment,  soliciting  projects  ideas  from  local 

communities 

4. 1.1.2.  Create  opportunities  for  young  males,  including  food  for  work 

4.1.2.  Micro  and  Small  Enterprise  Stimulation 

4. 1.2.1.  Assess  skills  deficiencies 

4.1.3.  Skills  Training  and  Counseling 

4. 1.3.1.  Assess  and  determine  immediately  employable  labor  force  for  appropriate  critical  and  emergency 

needs 

4.2.  Monetary  Policy 

4.2.1.  Central  Bank  Operations 

4. 2. 1.1.  Assess  capability  of  Central  Bank  to  conduct  essential  operations  such  as  make  domestic 

payments  and  settlements,  make  int’l  payments,  prepare  balance  sheet,  issue  letters  of  credit  if 
Central  Bank  role  is  required,  reconcile  and  report  on  Treasury  accounts 

4. 2. 1.2.  Initiate  immediate  capacity  in  Central  Bank  to  conduct  essential  Central  Bank  operations 

4. 2. 1.3.  Assess  need  for  revising  Central  Bank  Law 

4. 2. 1.4.  Review/prepare  bank  licensing  regulations 

4.2.2.  Macro-Policy  and  Exchange  Rates 

4.2.2. 1.  Begin  dialogue  with  policy  makers  to  identify  priorities  and  assess  capacity  to  undertake  basic 

macro  and  exchange  rate  policies 

4. 2. 2.2.  Develop  basic  monetary  policyand  take  needed  steps  to  stabilize  prices  and  manage  inflation  (i.e., 

set  up  currency  auction) 

4. 2. 2. 3.  Develop  credible  exchange  rate  policy,  review  currency  status  and  take  needed  steps  to  ensure 

credibility  (i.e.,  prepare  for  new  currency  if  needed) 

4.2.3.  Monetary  Audit 

4.2.3. 1.  Determine  skill  capacity  of  key  central  bank  individuals,  and  if  necessary  facilitate  return  of 

diaspora 

4. 2. 3. 2.  Identify  audit  capacity  of  relevant  institution 

4. 2. 3. 3.  Determine  baseline  for  audit 

4.2.4.  Monetary  Statistics 

4.2.4. 1.  Survey  statistical  capabilities  and  begin  collecting  key  statistics 

4. 2. 4. 2.  Set  up  statistical  unit  within  the  Central  Bank 

4.3.  Fiscal  Policy  and  Governance 

4.3.1.  Fiscal  and  Macro-Economic  Policy 

4. 3. 1.1.  Begin  dialogue  with  policy  makers  to  identify  priorities  and  assess  capacity  to  undertake  basic 

fiscal  policy 

4. 3. 1.2.  Assess  immediate  fiscal  balance  and  financing  gap 

4. 3. 1.3.  Take  steps  to  close  fiscal  gap 

4.3.2.  Treasury  Operations 

4.3.2. 1.  Reestablish  government  payment  mechanisms  to  pay  recurrent  and  emergency  expenditures 

4. 3. 2.2.  Establish  simple  and  reliable  capacity  to  process  payments,  and  to  record  and  report  payments 

4. 3. 2. 3.  Identify  capacity  to  absorb  and  administer  grants  and  foreign  funds 

4. 3. 2. 4.  Initiate  simple  and  reliable  system  to  manage  grants  and  foreign  assistance 

4.3.3.  Budget 

4.3.3. 1.  Develop  budget 

4. 3. 3. 2.  Rationalize  revenues  and  expenditures  and  establish  priorities 

4.3.4.  Public  Sector  Investment 

4.3.4. 1.  Prioritize  public  investment  needs 

4. 3. 4. 2.  Develop  a  plan  to  allocate  resources 

4. 3. 4. 3.  Pay  civil  service  arrears 

4. 3. 4. 4.  Determine  structure  and  affordable  size  of  civil  service  to  meet  ongoing  and  future  needs 

4. 3. 4. 5.  Strengthen  ethics  regulations 
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4.3.5.  Revenue  Generation,  Tax  Administration 

4.3.5. 1.  Identify  tax  structure  and  sources  of  revenue 

4. 3. 5.2.  Design  an  efficient  tax  structure  with  a  clear  collection  policy 

4. 3. 5. 3.  Manage  public  accounts 

4.3.6.  Customs  Reform,  Enforcement 

4.3.6. 1.  Assess  customs  revenues  and  efficiencies  and  weaknesses  of  customs  service 

4. 3. 6. 2.  Identify  immediate  physical  and  capacity  barriers  to  import  administration 

4. 3. 6. 3.  Take  steps  to  open  borders  in  a  way  that  reduces  incentives  for  corruption 

4. 3. 6. 4.  Review  and  make  recommendations  on  tariffs 

4.3.7.  Tax  Policy 

4.3.7. 1.  Determine  the  efficacy  of  alternative  short-term  tax  policies  (i.e.,  tax  holiday) 

4. 3. 7. 2.  Identify  and  implement  ST  measures  to  increase  revenue  as  appropriate  -  cognizant  of  effects  on 

war  tom  population 

4.3.8.  Fiscal  Audit 

4.3.8. 1.  Identify  audit  capacity  of  relevant  institution 

4. 3. 8. 2.  Determine  base  line  data  for  audit 

4. 3. 8. 3.  Create  or  strengthen  compliance  laws 

4.4.  General  Economic  Policy 

4.4.1.  Strategy/ Assessment 

4. 4. 1.1.  Survey  economic  situation  (needs  assessment),  including  assessment  of  absorptive  capacity  of 

economic  and  social  sector,  financial  imbalances,  and  real  sector  distortions 

4. 4. 1.2.  Formulate  assistance  strategy  in  close  cooperation  with  national  government  /indigenous  actors 

and  international  community 

4.4. 1.3.  Identify  priority  sectors  for  reconstmction  and  rehabilitation,  focusing  on  the  most  urgent 

requirements 

4.4.2.  Prices  and  Subsidies 

4.4.2. 1.  Evaluate  subsidized  sectors,  industries,  and  firms 

4. 4. 2.2.  Prepare  recommendation  and  timetable  on  elimination  of  subsidies  and  price  controls 

4.4.3.  International  Financial  Assistance — Donor  Coordination 

4.4.3. 1.  Establish  relations  with  international  donor  community 

4. 4. 3. 2.  Address  constraints  to  engagement  with  IFI  community,  (i.e.,  USG  legislative  sanctions)  and  take 

steps  to  become  a  member  if  not  already 

4. 4. 3. 3.  Assist  national  government  in  formulating  recovery  plan 

4. 4. 3. 4.  Develop  mechanism  for  donor  and  in-country  coordination 

4. 4. 3. 5.  Complete  needs  assessment 

4. 4. 3. 6.  Hold  donor  conferences  to  mobilize  resources 

4.4.4.  Public  Sector  Institutions 

4.4.4. 1.  Identify  operational  capacity,  including  physical  structure  and  security 

4.5.  Financial  Sector 

4.5.1.  Banking  Operations 

4. 5. 1.1.  If  banking  sector  operational,  start  up  commercial  banking  operations,  i.e.,  open  LOC  mechanism 

and  trade  credits  to  reintegrate  into  the  international  financial  community 

4. 5. 1.2.  If  banking  sector  operational,  ensure  capacity  for  bank  payments  and  settlements 

4. 5. 1.3.  Evaluate  condition  of  banks  and  determine  medium-term  strategy  for  operations 

4.5.2.  Banking  Regulations  and  Oversight 

4.5.2. 1.  Evaluate  the  regulatory  framework 

4. 5. 2.2.  Review  and  prepare  bank  licensing  standards  and  procedures 

4.5.3.  Banking  Law 

4.5.3. 1.  Review/prepare  banking  law  and  determine  viability  vis-a-vis  international  standards 

4.5.4.  Bank  Lending 

4.5.4. 1.  Provide  immediate  credit  including  access  to  micro  and  SME  lending 

4. 5. 4. 2.  Ensure  standard  banking  practices  to  approve  loans  are  part  of  early  credit  programs 

4.5.5.  Asset  and  Money  Laundering 

4.5.5. 1.  Freeze  accounts  of  combatants 
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4. 5. 5.2.  Block  international  access  of  overseas  accounts,  money  laundering 

4.5.6.  Non-Banking  Sector 

4.5.6. 1.  VOID 

4.5.7.  Stock  and  Commodity  Markets 

4.5.7. 1.  VOID 

4.6.  Debt 

4.6.1.  Debt  Management 

4. 6. 1.1.  Evaluate  external  position  vis-a-vis  external  and  domestic  creditors  and  clear  arrears,  where 

possible 

4. 6. 1.2.  Establish  short-term  and  MLT  debt  strategy 

4.6.2.  Arrears  Clearance 

4.6.2. 1.  Conduct  inventory  of  multilateral  and  bilateral  arrears  to  creditors 

4. 6. 2. 2.  Develop  arrears  clearance  strategy  (i.e.,  multilateral  fund,  debt  forgiveness) 

4.7.  Trade 

4.7.1.  Trade  Structure 

4. 7. 1.1.  Evaluate  tariffs,  tax  structures  and  barriers  to  trade 

4. 7. 1.2.  Reduce  restrictions  on  imports  that  hinder  access  to  goods  for  small  business  and  investors 

4.7.2.  Trade  Facilitation 

4.7.2. 1.  Open  or  maintain  LOC  mechanisms  and  trade  credits  to  trade  critical  goods 

4. 7.2. 2.  Set  trade  priorities  and  explore  new  trade  opportunities 

4. 7.2. 3.  Initiate  dialogue  between  country  economic  team  and  international  actors  responsible  for  granting 

preferential  trading  status 

4.8.  Market  Economy 

4.8.1.  Private  Sector  Development 

4. 8. 1.1.  Assess  the  depth  of  the  private  sector,  including  weakness  of  the  goods  and  service  sector  and  its 

distribution  channels 

4.8. 1.2.  Identify  obstacles  to  private  sector  development  (i.e.,  barriers  to  entry,  high  import  taxes,  import 

restrictions,  lack  of  business  credit,  lack  of  power,  telecommunications  or  transport,  non¬ 

repatriation  of  profits) 

4.8. 1.3.  Take  immediate  steps  to  remove  or  counter  these  obstacles  where  possible 

4. 8. 1.4.  Jumpstart  small-scale  private  sector  entrepreneurs  through  grants  and  loans  to  micro¬ 

entrepreneurs  and  small  and  medium  enterprises  (SMEs) 

4.8.2.  Small  and  Micro-enterprise  Regime 

4.8.2. 1.  Identify  constraints  to  small  business  development  and  take  steps  to  remove  them  where  possible 

in  the  short-term  (i.e.,  lack  of  credit,  onerous  taxes) 

4.8.3.  Privatization 

4.8.3. 1.  Assess  impact  of  State  Owned  Enterprises  (SOE)  on  fiscal  balance  to  determine  whether  fiscal 

drain  or  resource  loss  from  unproductive  firms  can  be  offset  through  some  type  of  privatization 

4.8.4.  Natural  Resources  and  Environment 

4.8.4. 1.  Assess  and  secure  access  to  valuable  natural  resources 

4. 8.4.2.  Initiate  process  for  addressing  and  resolving  resource  ownership  and  access  issues 

4. 8. 4. 3.  Conduct  national  environmental  survey 

4.9.  Legal  and  Regulatory  Reform 

4.9.1.  Property  Rights 

4. 9. 1.1.  Evaluate  existing  laws  pertaining  to  land  rights,  registration  of  the  property,  and  collateralization 

of  movable  and  immovable  property 

4. 9. 1.2.  Take  immediate  steps  where  needed  to  establish  process  to  resolve  property  rights  issues 

4.9.2.  Business/Commercial  Law 

4.9.2. 1.  Evaluate  restrictions  on  trade,  commerce,  and  open  market  operations 

4. 9. 2.2.  Evaluate  existing  laws  pertaining  to  commercial  and  business  operations 

4.9.3.  Labor 

4.9.3. 1.  Evaluate  existing  laws  pertaining  to  labor  rights 

4.9.4.  Economic  Legal  Reform 

4.9.4. 1.  Review  civil  and  commercial  codes 
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4. 9. 4. 2.  Determine  relevance  of  enforcement  mechanisms 

4. 9. 4. 3.  Retract  necessary  sanctions  restrictions 

4. 9.4. 4.  Evaluate  legal  framework 

4. 9. 4. 5.  Evaluate  contract  obligations  with  international  financial  community 

4.9.5.  Competition  Policy 

4.9.5. 1.  Assess  market  for  obvious  problems  with  legal  and  regulatory  framework  for  free  market 

environment 

4.9.6.  Public  Utilities  and  Resources  Regulation 

4.9.6. 1.  Assess  policy,  governance  and  regulatory  framework  to  rebuild  utilities,  power,  mining,  and  other 

key  infrastructure  and  facilities 

4.9.7.  Economic  Enforcement  and  Anti-Corruption 

4.9.7. 1.  Identify  incentives  to  reduce  corruption 

4. 9. 7. 2.  Assess  threat/existence  of  corruption  in  political  system 

4. 9. 7. 3.  Identify  drivers  of  corruption 

4. 9. 7. 4.  Develop  laws  promoting  anti-corruption,  accountability  and  transparency  within  government  and 

private  sector 

4. 9. 7. 5.  Create  mechanisms  to  curtail  corruption,  including  special  prosecutors,  witness  and  judge 

protection,  and  ethics  norms 

4.10.  Agricultural  Development 

4.10.1.  Agricultural  Land  and  Livestock 

4.10.1.1.  Secure  existing  post-harvest  storage  facilities  to  prevent  spoilage  and  looting  of  harvested  crops 

4.10.1.2.  Establish  a  process  to  determine  land  ownership,  if  disputed  (e.g.,  if  internally  displaced  person 
(IDP)  claims  to  own  land) 

4.10.1.3.  Estimate  crop  production,  mix,  and  input  adequacy 

4.10.1.4.  Assess  current  land  distribution,  and  the  degree  of  market  integration 

4.10.1.5.  Estimate  farm  income  and  poverty  level 

4.10.1.6.  Identify  constraints  to  production 

4.10.1.7.  Assess  health,  diversity,  and  number  of  animals 

4. 10. 1 .8.  Keep  core  reproductive  group  alive  through  water  and/or  fodder  provision 

4. 10. 1 .9.  Destock  if  appropriate 

4.10.2.  Agricultural  Inputs 

4.10.2.1.  Rebuild  small  scale  irrigation  systems  and  use  technologies  for  collecting  rainwater 

4.10.2.2.  Identify  critical  points  if  emergency  watershed  protection  is  needed 

4.10.2.3.  Determine  agricultural  needs  within  a  watershed 

4.10.2.4.  Locate  significant  sources  of  sediment 

4.10.2.5.  Determine  if  land  is  a  flood  risk 

4.10.2.6.  Identify  agricultural  time  lines  and  necessary  inputs  according  to  the  agricultural  calendar 

4.10.2.7.  Supply  appropriate  seeds,  tools  and  other  production  inputs  to  farmers  in  affected  region(s)  (e.g., 
fertilizer,  fuel,  pesticide,  equipment,  etc.) 

4.10.3.  Agricultural  Policy  and  Financing 

4.10.3.1.  Identify  policy  makers  in  the  agricultural,  natural  resources  and  the  environment  areas  and 
discuss  their  priorities  for  their  respective  sectors 

4. 10.3.2.  Identify  existing  Ministry  officials  in  the  country  or  who  have  fled  and  are  willing  to  return  to 
their  home 

4.10.3.3.  Rehabilitate  physical  structures 

4.10.3.4.  Establish  grant  programs  for  all  aspects  of  agricultural  development 

4.10.3.5.  Ensure  equal  access  by  minorities,  women  and  poor 

4.10.4.  Agricultural  Distribution 

4. 10.4. 1 .  Channel  food  aid  to  promote  market  activities 

4.11.  Social  Safety  Net 

4.11.1.  Pension  System 

4.11.1.1.  Assess  existing  pension  systems  for  government,  and  parastatal  employees 

4. 1 1 . 1 .2.  Assess  capability  of  government  to  pay  pensions  or  reduce  pension  arrears  if  applicable 

4.1 1.2.  Social  Entitlement  Funds 
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4.1 1.2.1.  Assess  availability  of  social  entitlement  funds  for  disabled,  widows,  orphans  and  unemployed 

4.1 1.3.  Women’s  Issues 

4.11.3.1.  VOID 

4.12.  Transportation 

4.12.1.  Transportation  Sector  Policy  and  Administration 

4. 12. 1 . 1 .  Assess  overall  condition  of  national  transportation  infrastructure 

4.12.1.2.  Determine  and  prioritize  essential  infrastructure  programs  and  projects  that  reflect  a  balance  of 

security,  stabilization,  and  economic  reconstruction 

4.12.1.3.  Establish  policies  to  support  transportation  priorities 

4.12.2.  Airports  Infrastructure 

4.12.2.1.  Assess  condition  of  existing  airport  facilities 

4.12.2.2.  Construct  expedient  repairs  or  build  new  facilities  to  support  security  and  stabilization  and  to 
facilitate  re-establishment  of  commerce 

4.12.3.  Roads  Infrastructure 

4.12.3.1.  Assess  condition  of  existing  roads  and  bridge  facilities 

4.12.3.2.  Construct  expedient  repairs  or  build  new  facilities  to  support  security  and  stabilization  and  to 

facilitate  re-establishment  of  commerce 

4.12.4.  Railway  Infrastructure 

4.12.4.1.  Assess  condition  of  existing  railway  facilities 

4.12.4.2.  Construct  expedient  repairs  or  build  new  facilities  to  support  security  and  stabilization  and  to 

facilitate  re-establishment  of  commerce 

4.12.5.  Ports  and  Waterway  Infrastructure 

4.12.5.1.  Assess  condition  of  existing  coastal  and  inland  ports,  harbors,  and  waterways  facilities 

4.12.5.2.  Construct  expedient  repairs  or  build  new  facilities  to  support  security  and  stabilization  and  to 

facilitate  re-establishment  of  commerce 

4.13.  Telecommunications 

4.13.1.  Telecommunications  Policy  and  Administration 

4.13.1.1.  Assess  overall  condition  of  national  telecommunications  infrastructure 

4.13.1.2.  Determine  and  prioritize  essential  infrastructure  programs  and  projects  that  reflect  a  balance  of 

security,  stabilization,  and  economic  reconstruction 

4.13.1.3.  Establish  policies  to  support  telecommunications  priorities 

4.13.2.  Telecommunication  Infrastructure 

4.13.2.1.  Assess  condition  of  existing  telecommunications  facilities 

4.14.  Energy 

4.14.1.  Fossil  Fuels  Production  and  Distribution 

4. 14. 1 . 1 .  Assess  overall  condition  of  national  energy  infrastructure 

4.14.1.2.  Determine  and  prioritize  essential  infrastructure  programs  and  projects  that  reflect  a  balance  of 

security,  stabilization,  and  economic  reconstruction 

4.14.1.3.  Establish  policies  to  support  energy  priorities 

4.14.2.  Electrical  Power  Sector 

4.14.2.1.  Assess  condition  of  existing  power  generation  and  distribution  facilities 

4.14.3.  Energy  Infrastructure 

4.14.3.1.  Assess  condition  of  existing  natural  resources  conversion  and  distribution  facilities,  and  power 

generation  and  distribution  facilities 

4.15.  General  Infrastructure 

4. 1 5. 1 .  Engineering  and  Construction 

4. 15. 1 . 1 .  Assess  condition  of  existing  facilities  that  are  integral  for  effectively  implementing  other  post- 

conflict  sector  essential  tasks  (e.g.,  fire  and  police  stations,  border  checkpoints,  IDP  camps  and 

Heifers) 

4.15.2.  Municipal  Services 

4.15.2.1.  Assess  condition  of  existing  local,  municipal  facilities  that  provide  essential  services  to  local 

population. 

4.15.2.2.  Construct  expedient  repairs  or  new  facilities  to  support  restoration  of  stability  and  normalcy  to 

local  populations  (e.g.,  schools,  medical  clinics,  municipal  buildings) 


[DoS  2005] 


93 


4.16.  Public  Information  and  Communications 

4.16.1.  Disseminate  Economic  Stabilization  and  Infrastructure  Information 

4.16.1.1.  Identify  or  establish  outlets  for  international,  national,  and  local  news  media 

4.16.1.2.  Utilize  media  as  public  information  tool  to  provide  factual  information  and  control  rumors 

4.16.1.3.  Issue  effective  press  releases  and  timely  provision  of  information  services  as  needed  in  local 
languages 

4. 16. 1 .4.  Assist  National  Transitional  Administration  and/or  National  Government  to  inform  public 
regularly 
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A. 5  Justice  and  Reconciliation 

The  third  portion  includes  tasks  relating  to  developing  mechanisms  for  ad¬ 
dressing  past  and  ongoing  grievances  [DoS  2005: V-l]. 
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5.  JUSTICE  AND  RECONCILIATION 

5.1.  Interim  Criminal  Justice  System 

5.1.1.  Interim  International  Criminal  Justice  Personnel — Judges 

5. 1.1.1.  Deploy  interim  justice  personnel  to  supplement  indigenous  criminal  justice  system 

5.1.2.  Interim  International  Criminal  Justice  Personnel — Prosecutors 

5. 1.2.1.  Deploy  interim  justice  personnel  to  supplement  indigenous  criminal  justice  system 

5.1.3.  Interim  International  Criminal  Justice  Personnel — Defense  Advocates 

5. 1.3.1.  Deploy  interim  justice  personnel  to  supplement  indigenous  criminal  justice  system 

5.1.4.  Interim  International  Criminal  Justice  Personnel — Court  Administrators 

5. 1.4.1.  Deploy  interim  justice  personnel  to  supplement  indigenous  criminal  justice  system 

5.1.5.  Interim  International  Criminal  Justice  Personnel — Corrections  Staffs 

5. 1.5.1.  Deploy  interim  justice  personnel  to  supplement  indigenous  criminal  justice  system 

5.1.6.  Interim  International  Criminal  Justice  Personnel — Police/Investigators 

5. 1.6.1.  Deploy  interim  justice  personnel  to  supplement  indigenous  criminal  justice  system 

5.1.7.  Interim  International  Legal  Code 

5. 1.7.1.  Enact  interim  legal  codes  and  procedures  permitted  by  international  law 

5.1.8.  Organized  Crime 

5. 1.8.1.  Assess  indigenous  capacity  to  combat  organized  crime 

5. 1.8.2.  Establish  multidisciplinary  approach  to  address  organized  crime  involving  international 

intelligence,  law  enforcement  and  criminal  justice  personnel 

5.1.9.  Law  Enforcement  Operations 

5. 1.9.1.  Identify,  secure  and  preserve  evidence  of  war  crimes,  crimes  against  humanity,  corruption,  and 

transnational  crimes,  including  terrorism,  organized  crime,  financial  crimes,  trafficking  in 
humans  and  narcotics 

5. 1.9.2.  Identify  and  detain  perpetrators  of  these  offences 

5.2.  Indigenous  Police 

5.2.1.  Indigenous  Police  Personnel 

5.2. 1 . 1 .  Vet  and  reconfigure  existing  police  forces 

5. 2. 1.2.  Train  existing  indigenous  police  in  international  policing  standards 

5.2. 1.3.  Deploy  police  monitors/  mentors/trainers 

5.2.2.  Essential  Police  Facilities 

5.2.2. 1.  Inventory  police  stations,  police  mobility  capabilities,  police  communications  systems,  data 

management  systems  and  police  headquarters 

5.2.3.  Accountability /Oversight 

5.2.3. 1.  Assess  requirements  to  eradicate  corruption  in  law  enforcement  community 

5. 2. 3. 2.  Reinforce  oversight  mechanisms 

5.3.  Judicial  Personnel  and  Infrastructure 

5.3.1.  Vetting  and  Recruitment 

5. 3. 1.1.  Inventory  indigenous  legal  professionals 

5. 3. 1.2.  Identify  actual  and  potential  leaders  to  incorporate  into  restructuring  process 

5. 3. 1.3.  Establish  vetting  criteria 

5.3.2.  Training/Mentoring 

5.3.2. 1.  Educate  criminal  justice  personnel  on  interim  legal  codes 

5.3.3.  Judicial  Support  Facilities 

5.3.3. 1.  Inventory  courts,  law  schools,  legal  libraries,  and  bar  associations 

5.3.4.  Citizen  Access 

5.3.4. 1.  Establish  liaison  mechanism  between  civilians  and  judicial  authorities  on  legal  matters 

5. 3. 4. 2.  Media  campaigns  to  make  citizens  aware  of  rights,  responsibilities  and  interim  procedures  and 

codes 

5.4.  Property 

5.4.1.  Prevent  Property  Conflicts 

5.4. 1 . 1 .  Implement  mechanisms  to  prevent  unauthorized  seizures  of  land/property 

5. 4. 1.2.  Publicize  dispute  resolution  options/altemative  to  violence 

5. 4. 1.3.  Ensure  coordination  with  law  enforcement  components  to  deter  violence 
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5.5.  Legal  System  Reform 

5.5.1.  Legal  System  Reorganization 

5. 5. 1.1.  Develop  strategy  to  rebuild  criminal  justice  system 

5.5. 1.2.  Identify  countries  that  can  serve  as  models  and  sources  of  expertise 

5.5.2.  Code  and  Statutory  Reform 

5.5.2. 1.  Review  current  laws  and  resolve  questions  of  applicability 

5. 5. 2.2.  Abolish  provisions  incompatible  with  international  standards  of  human  rights 

5.5.3.  Participation 

5.5.3. 1.  Create  and  strengthen  legal  aid  and  NGO  groups 

5. 5. 3. 2.  Channel  citizen  input  into  law-drafting  process 

5. 5. 3. 3.  Translate  interim  and  important  laws  into  local  languages 

5.5.4.  Institutional  Reform 

5.5.4. 1.  Assess  court  administration  capability  and  resources 

5.6.  Human  Rights 

5.6.1.  Abuse  Prevention 

5. 6. 1.1.  Monitor  vulnerable  groups  and  act  preemptively  to  deter  human  rights  abuses;  implement 

effective  warning  mechanisms 

5.6.2.  Capacity  Building 

5.6.2. 1.  Assess  capacity  of  indigenous  communities,  human  rights  and  other  groups;  engage  local 

communities,  consult  leaders 

5.6.3.  Monitoring 

5.6.3. 1.  Establish  international  monitoring  presence 

5. 6. 3. 2.  Develop  indigenous  human  rights  monitoring  capacity 

5.7.  Corrections 

5.7.1.  Incarceration  and  Parole 

5.7. 1 . 1 .  Vet  corrections  personnel 

5.7. 1.2.  Determine  status  of  prisoners  held  (political  prisoners  and  war  prisoners) 

5. 7. 1.3.  Coordinate  jurisdiction  and  handover  with  military  as  necessary 

5.7.2.  Corrections  Facilities 

5.7.2. 1.  Refurbish  prison  facilities  at  key  sites 

mmmiimmmmBmmmmm 

5. 7. 2. 3.  Coordinate  jurisdiction  and  handover 

5.7.3.  Training 

5.7.3. 1.  VOID 

5.8.  War  Crime  Courts  and  Tribunals 

5.8.1.  Establishment  of  Courts  and  Tribunals 

5. 8. 1.1.  Acquire  secure  facilities 

5. 8. 1.2.  Establish  jurisdiction,  composition  and  mandate  of  local  and  international  courts  and  tribunals 

5. 8. 1.3.  Determine  ratio  of  international  to  local  judges  and  prosecutors 

5.8.2.  Investigation  and  Arrest 

5.8.2. 1.  Set  up  an  atrocity  reporting  system;  refugee  interviews 

5. 8. 2. 2.  Document  and  preserve  evidence  of  mass  atrocities  and  maintain  data  on  sites 

5. 8. 2. 3.  Coordinate  efforts  with  UN,  regional  organization  and  NGOs 

5.8.3.  Citizen  Outreach 

5.8.3. 1.  Publicize  progress  and  work 

5. 8. 3. 2.  Publish  indictments  and  statements 

5.9.  Truth  Commissions  and  Remembrance 

5.9.1.  Truth  Commission  Organization 

5. 9. 1.1.  Solicit  voluntary  contributions  from  international  donors 

5. 9. 1.2.  Hire  indigenous  and  international  staff  to  set  up  commission 

5. 9. 1.3.  Create  indigenous  dialogue  on  structure  and  mandate  of  commission 

5. 9. 1.4.  Involve  diverse  groups  in  establishment  of  court 

5.9.2.  Reparations 

5.9.2. 1.  Identify  classes  of  eligibility 
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5.9.3.  Public  Outreach 

5.9.3. 1.  Establish  broad  public  information  programs  to  promote  efforts  for  reconciliation 

5. 9. 3.2.  Develop  public  access  to  information 

5.10.  Community  Rebuilding 

5.10.1.  Ethnic  and  Intercommunity  Confidence  Building 

5. 10. 1 . 1 .  Identify  mediators  with  dispute  resolution  skills  to  build  trust  and  cooperation 

5.10.1.2.  Enhance  participation  through  public  outreach 

5.10.1.3.  Identify  and  incorporate  credible  local  leadership  and  others  with  moral  authority  in  the  process 

5.10.1.4.  Create  coordinating  mechanisms  among  international  mission,  local  leaders,  NGOs 

5.10.1.5.  Implement  media  campaign  promoting  tolerance 

5.10.1.6.  Insulate  peace  building  efforts  from  spoilers. 

5.10.2.  Religion  and  Customary  Justice  Practices 

5.10.2.1.  Identify  customary  judicial  practices,  religious  institutions  and  other  leaders  on  local  and 
national  levels 

5. 10.2.2.  Identify  role  religious  leaders  play  in  reducing  or  promoting  conflict 

5.10.2.3.  Design  community  programs  to  support  reconciliation  based  on  religious  and  traditional 
practices 

5.10.2.4.  Determine  refugee,  religious  and  legal  requirements  in  case  of  birth,  death  or  marriage 

5.10.3.  Assistance  to  Victims  and  Remembrance 

5.10.3.1.  Provide  localized  counseling  to  victims 

5.10.3.2.  Establish  missing  persons  initiatives 

5.10.3.3.  Solicit  funds  and  technical  experts  for  identifying  bodies  and  running  missing  persons  programs 

5.10.4.  Women 

5.10.4.1.  Assess  traditional  role  of  women  in  society  and  their  potential  to  contribute  to  reconciliation 
process 

5.10.4.2.  Implement  rape  prevention  and  medical  treatment  procedures 

5.10.5.  Vulnerable  Populations 

5.10.5.1.  Assess  needs  of  vulnerable  populations  (e.g.,  war-wounded,  internally  displaced  persons  (IDPs), 
refugees,  raped,  tortured,  disabled,  orphaned  youth,  minority  interests) 

5.10.6.  Evaluating  and  Learning 

5.10.6.1.  VOID 

5.1 1.  Public  Information  and  Communications 

5.1 1.1.  Disseminate  Justice  and  Reconciliation  Information 

5.11.1.1.  Identify  or  establish  outlets  for  international,  national,  and  local  news  media 

5.1 1.1.2.  Utilize  media  as  public  information  tool  to  provide  factual  information  and  control  rumors 

5. 1 1 . 1 .3.  Issue  effective  press  releases  &  timely  provision  of  information  services  as  needed  in  local 
languages 

5. 1 1 . 1 .4.  Assist  National  Transitional  Administration  and/or  National  Government  to  inform  public 
regularly 
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Appendix  B.  Problem  Formulation  in  LINGO® 


The  LINGO®  11.0  formulation  of  the  problem  is  shown  here. 


B.l  Main.lg4 

MODEL : 

SETS: 

MODES  /l. .3/; 

TASKS  /l. .14/; 

TIMES  /l. .52/; 

DURATIONS  (  TASKS, MODES  ) :  D; 

VARIABLE  (TASKS,  MODES,  TIMES  ) :  X; 
STARTSTART  (  TASKS,  TASKS  )  :  ESS,  SSLag; 
STARTFINISH  (  TASKS,  TASKS  )  :  ESF,  SFLag; 
FINISHSTART  (  TASKS,  TASKS  )  :  EFS ,  FSLag; 
FINISHFINISH  (  TASKS,  TASKS  )  :  EFF,  FFLag ; 
EARLIES  (  TASKS  ):  ES; 

LATES  (  TASKS  ):  LS; 

DEMANDS 1(  TASKS,  MODES  ):  DEMI; 

DEMANDS2C  TASKS,  MODES  ):  DEM2 ; 

DEMANDS3C  TASKS,  MODES  ):  DEM3 ; 

ECONOMICS (  TASKS,  MODES):  EE; 

INCOMES (  TASKS,  MODES):  MU; 

ENDSETS 


DATA: 

D  =  @FILE(  'DURATIONS .TXT’  ); 
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F  =  6; 

BigN  =  14; 

!  Resource  Availabilities; 

AMT1  =  2; 

AMT 2  =  50; 

AMT 3  =  2000; 

!  Demands  for  Resource  1; 

DEMI  =  @FILE(  ’ DEMAND 1. TXT ’  ); 

!  Demands  for  Resource  2; 

DEM2  =  @FILE(  ’DEMAND2.TXT’  ); 

!  Demands  for  Resource  3; 

DEM3  =  @FILE(  ’ DEMAND3 . TXT ’  ); 

!  Start  Start  Precedence  Matrix  and  Lags; 
ESS  =  @FILE(  ’ SS . TXT’  ); 

SSLag  =  @FILE(  ’SS.TXT’  ); 

!  Start  Finish  Precedence  Matrix  and  Lags; 
ESF  =  @FILE(  ’SF.TXT’  ); 

SFLag  =  @FILE(  ’  SF . TXT ’  ); 

!  Finish  Start  Precedence  Matrix  and  Lags; 
EFS  =  @FILE(  ’ FS . TXT’  ); 

FSLag  =  @FILE(  ’FS.TXT’  ); 

!  Finish  Finish  Precedence  Matrix  and  Lags 
EFF  =  @FILE(  ,FF.TXTJ  ); 

FFLag  =  @FILE(  ,FF.TXT)  ); 

!  Early  and  Late  Start  Times; 

!  ES  =  @FILE(  ’ ESLS . TXT’  ); 

!  LS  =  @FILE(  ’ESLS. TXT’  ); 

EE  =  @FILE(  ’EE. TXT’  ) ; 
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MU  =  @FILE(  ’ MU . TXT ’  ); 
ENDDATA 


BEGIN  OB JS 


!  Traditional  Objective  -  Min  Makespan; 

!  [OBJECTIVE]  MIN  =  @SUM  (  VARIABLE (  I,  J,  K  ):  K  *  X(  BigN,  J,  K  )  )  /  11  ; 

!  Services  Objective; 

!  [OBJECTIVE]  MIN  =  (  DELWATERPLUS  +  DELPOWERPLUS  )  /  11; 

!  Employment  Objective; 

!  [OBJECTIVE]  MIN  =  DELECONMINUS ; 

!  Income  Objective; 

!  [OBJECTIVE]  MIN  =  DELINCMINUS; 

i  - BEGIN  GOALS - ; 


!  First  Goal; 

!  @SUM (  VARIABLE (  I,  J,  K  ) :  K  *  X(  9,  J,  K  )  ) 

-  DELPOWERPLUS  +  DELPOWERMINUS  =  24*11; 

!  @SUM (  VARIABLE (  I,  J,  K  ) :  K  *  X(  10,  J,  K  )  ) 

-  DELWATERPLUS  +  DELWATERM I NUS  =  24*11; 


!  Second  Goal; 

!  (1/500) *@SUM(  VARIABLE (  I,  J,  K  ) :  EE(  I,  J  )  *  X(  I,  J,  K  )  ) 
-  DELECONPLUS  +  DELECONMINUS  =  0.30; 
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!  Third  Goal; 

!  (1/7) *@SUM(  VARIABLE (  I,  J,  K  ):  MU(I,J)  *  X(I,J,K)  ) 
-  DELINCPLUS  +  DELINCMINUS  =1.1; 

i  - BEGIN  CONSTRAINTS - ; 


!  There  can  be  only  one  ...  I  am  immortal,  I  have  inside  me  blood  of  kings; 
@F0R  (  TASKS (  I  ):  [ONEMODE] 

@SUM(  VARIABLE (  I,  J,  K  )  :  X(  I ,  J,  K  )  )  =  1  ) ; 

!  Start  Start  Precedence  Constraints; 

@F0R  (  TASKS (  M  ): 

@F0R  (  TASKS (  N  ):  [SSPrecedence] 

@SUM  (  VARIABLE (  I,  J,  K  ): 

ESS (  M,  N  )  *  (  (K  +  SSLag(  M,N  )  )  *  X(  M,  J,  K  ) 

-  K  *  X(  N,  J,  K  )  )  )  <=  0  )  ); 


!  Start  Finish  Precedence  Constraints; 
@F0R  (  TASKS (  M  ): 

@F0R  (  TASKS (  N  ):  [SFPrecedence] 
@SUM  (  VARIABLE (  I,  J,  K  ): 

ESF (  M,  N  )  *  (  (K  +  SFLag(  M,N 
-  (K  +  D(N, J)  )  *  X(  N,  J,  K  )  ) 


) 

) 


)  *  X(  M, 
<=  0  )  ) ; 


J,  K  ) 


!  Finish  Start  Precedence  Constraints; 
@F0R  (  TASKS (  M  ): 

@F0R  (  TASKS (  N  ):  [FSPrecedence] 
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@SUM  (  VARIABLE (  I,  J,  K  ): 

EFS (  M,  N  )  *  (  (K  +  D(M,J)  +  FSLag(  M,N  )  )  *  X(  M,  J,  K  ) 
-  K  *  X(  N,  J,  K  )  )  )  <=  0  )  ); 


!  Finish  Finish  Precedence  Constraints; 

@F0R  (  TASKS (  M  ): 

@F0R  (  TASKS (  N  ):  [FFPrecedence] 

@SUM  (  VARIABLE (  I,  J,  K  ): 

EFF (  M,  N  )  *  (  (K  +  D(M,J)  +  FFLag (  M,N  )  )  *  X(  M,  J,  K  ) 

-  (K  +  D(N,J)  )  *  X(  N,  J,  K)  )  )  <=  0  )  ); 

!  Resource  1  Constriants; 

@F0R(  TIMES (  K  ) :  [ResourcelConst] 

@SUM(  TASKS (  M  ): 

@SUM(  MODES (  N  ): 

DEMl(M.N)  *  @SUM(  TIMES (  S  )  | 

S  #GE#  (  K  -  D(M,N)  )  #AND#  S  #LE#  (  K  -  1  )  :  X(  M,N,S  )  ) 

) 

)  <=  AMT1 

); 

!  Resource  2  Constraints; 

@F0R(  TIMES (  K  ) :  [Resource2Const] 

@SUM(  TASKS (  M  ): 

@SUM(  MODES (  N  ): 

DEM2(M,N)  *  @SUM(  TIMES (  S  )  | 

S  #GE#  (  K  -  D(M,N)  )  #AND#  S  #LE#  (  K  -  1  )  :  X(  M,N,S  )  ) 

) 
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)  <=  AMT2 


!  Resource  3  Constraints; 

@F0R(  TIMES (  K  ) :  [Resource3Const] 

@SUM(  TASKS (  M  ): 

@SUM(  MODES (  N  ): 

DEM3(M,N)  *  @SUM(  TIMES (  S  )  | 

S  #GE#  (  K  -  D(M,N)  )  #AND#  S  #LE#  (  K  -  1  )  :  X(  M,N,S  )  ) 

) 

)  <=  AMT3 

); 


! Dummy  End  Time  Constraint; 

[FINALTIME]  @SUM  (  VARIABLE (  I,  J,  K  ): 

K  *  X(  BigN,  J,  K  )  )  <=  52*11 ; 

!A11  variables  binary; 

@F0R  (  VARIABLE  (  I,  J,  K  ):  @BIN  (  X  )  )  ; 


B.2  Early  Late  Starts. lg^ 


model : 


sets : 


MODES  /l.  .3/; 
TASKS  /l. .14/; 
TIMES  /l. .52/; 
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DURATIONS  (  TASKS,  MODES  ):  D; 

VARIABLES  (  TASKS  ):  START,  FINISH; 

VAR2S  (  TASKS,  MODES  ) :  Y; 

STARTSTART  (  TASKS,  TASKS  )  :  ESS,  SS; 
STARTFINISH  (  TASKS,  TASKS  )  :  ESF,  SF; 
FINISHSTART  (  TASKS,  TASKS  )  :  EFS ,  FS; 
FINISHFINISH  (  TASKS,  TASKS  )  :  EFF,  FF; 
endsets 


data: 

D  =  @FILE(  'DURATIONS .TXT’  ); 

BigN  =  14; 

!  Start  Start  Precedence  Matrix  and  Lags; 
ESS  =  @FILE(  ' SS . TXT'  ); 

SS  =  @FILE(  ' SS . TXT '  ); 

!  Start  Finish  Precedence  Matrix  and  Lags; 
ESF  =  @FILE(  ' SF . TXT'  ); 

SF  =  @FILE(  ' SF . TXT '  ) ; 

!  Finish  Start  Precedence  Matrix  and  Lags; 
EFS  =  @FILE(  ' FS . TXT'  ); 

FS  =  @FILE(  ' FS . TXT '  ) ; 

!  Finish  Finish  Precedence  Matrix  and  Lags; 
EFF  =  @FILE(  ' FF . TXT '  ); 

FF  =  @FILE(  ' FF . TXT '  ) ; 
enddata 


!  Change  this  to  max  for  late  starts:; 

[objective]  min  =  @sum(  VARIABLESC  i  ):  START(i)  ); 
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!  Enforece  Max  Time; 

@for(  tasks(  i  )  :  finish(  i  )  <=  52 


!  Start  Start  Constraints; 

@F0R(  TASKS (  i  ): 

@F0R(  TASKS (  j  ):  [SSPrecedence] 
ESS(i,j)  *  (  start(i)  +  SS(i,j)  - 

) 

); 


!  Start  Finish  Constraints; 

@F0R(  TASKS (  i  ): 

@F0R(  TASKS (  j  ):  [SFPrecedence] 
ESF(  i , j  )  *  (  start (i)  +  SF(i,j) 

) 

); 


!  Finish  Start  Constraints; 

@F0R(  TASKS (  i  ): 

@F0R(  TASKS (  j  ):  [FSPrecedence] 
EFS(  i,j)  *  (  finish(i)  +  FS(i,j) 

) 

); 


!  Finish  Finish  Constraints; 

@F0R(  TASKS (  i  ): 

@F0R(  TASKS (  j  ):  [FFPRecedence] 


start (j)  )  <=  0 


-  finish(j)  )  <=  0 


-  start (j)  )  <=  0 
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EFF(  i,j  )  *  (  finish(i)  +  FF(i,j)  -  finish(j)  )  <=  0 


) 

); 

!  One  mode  per  activity; 

@F0R(  TASKS (  i  ):  [ONEMODE] 

@SUM(  VAR2S (  i,j  ): 

Y(i,j) 

)  =  1 

); 

!  Starts,  Finishes,  and  Modes  must  agree; 

@F0R(  TASKS (  i  ):  [SFMAGREE] 

start (  i  )  +  @SUM(  M0DES(  j  ):  D(i,j)  *  Y(i,j)  )  -  finish(i)  =  0 

); 

!  Binary  vars; 

@F0R(  VAR2S(  i, j  ):  ®BIN(  Y(  i,j)  )  ); 


end 


B.3  Data  Files  for  Example  Problem 

Durations.txt 

0  100  100 
30  40  50 
7  7  14 
3  6  9 
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12  24  40 


13  20  25 
12  3 
12  3 
40  45  50 
3  6  12 
5  7  9 
0  100  100 
0  100  100 
0  100  100 

Demandl.txt 


0  0  0 
1  0  0 
1  0  0 
1  0  0 
1  0  0 
1  0  0 
1  0  0 
1  0  0 
1  0  0 
1  0  0 
1  0  0 
0  0  0 
0  0  0 
0  0  0 

Demand2.txt 


0  0  0 
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0  2  10 


0  2  10 
0  2  10 
0  2  10 
0  2  10 
0  2  10 
0  2  10 
0  2  10 
0  2  10 
0  2  10 
0  0  0 
0  0  0 
0  0  0 

Demand3.txt 


0  0  0 
0  10  275 
0  5  137 
0  1  25 
0  8  180 
0  5  112 
0  1  27 
0  1  25 
0  8  200 
0  2  60 
0  2  50 
0  0  0 
0  0  0 
0  0  0 
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SS.txt 


00000000000000 
00001100000000 
00000011000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
0  0  0  0  0  0  0  0  0  0  0  0  0  0” 

00000000000000 

0000  10  10  00000000 

000000  10  10  000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 
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00000000000000 

00000000000000 

SF.  txt 

00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
0  0  0  0  0  0  0  0  0  0  0  0  0  0" 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 
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00000000000000 

00000000000000 

00000000000000 

00000000000000 

FS.txt 

01110000000000 
00000000000000 
00000000000000 
00000000000001 
00000000010100 
00000000000010 
00000000001000 
00000000000010 
00000000000001 
00000000000001 
00000000000010 
00000000000001 
00000000000001 
0  0  0  0  0  0  0  0  0  0  0  0  0  0" 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 
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00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

FF.  txt 

00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000100000000 
00001000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
0  0  0  0  0  0  0  0  0  0  0  0  0  0" 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 
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00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

00000000000000 

EE.  txt 

0  100  100 
0  12  285 
0  7  147 
0  3  35 
0  10  190 
0  7  122 
0  3  37 
0  3  35 
0  10  210 
0  4  70 
0  4  60 
0  100  100 
0  100  100 
0  100  100 

MU.  txt 

0  100  100 
0  1  1 
0  0.9  1 
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0  1  1.2 


0  1.2  1.1 
0  0.8  0.8 
0  1.2  0.9 
0  0.8  0.8 
0  1  1.1 
0  0.8  0.8 
0  0.9  1.2 
0  100  100 
0  100  100 
0  100  100 
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Appendix  C.  Air  Force  Blue  Dart 

Blue  Dart  —  703  Words 

To  truly  achieve  victory  as  Clausewitz  defined  it  -  to  attain  a  political 
objective  -  the  United  States  needs  a  military  whose  ability  to  kick  down 
the  door  is  matched  by  its  ability  to  clean  up  the  mess  and  even  rebuild 
the  house  afterward. 

—  Robert  M.  Gates,  Secretary  of  Defense,  2009 

Since  the  decline  of  the  Cold  War,  the  risk  of  major  conflict  between  power¬ 
ful  industrialized  nations  has  significantly  decreased.  Insecurity  in  the  twenty-first 
century  is  forecast  to  arise  from  the  debris  of  imploding  states.  Such  situations  may 
require  intervention  —  using  military,  diplomatic,  or  humanitarian  means  —  by  con¬ 
cerned  states,  and  the  frequency  with  which  these  interventions  occur  is  increasing. 
To  meet  this  new  operational  challenge,  the  US  government  is  adapting  its  oper¬ 
ational  planning  procedures  to  account  for  Security,  Stabilization,  Transition,  and 
Reconstruction  Operations. 

The  Special  Inspector  General  for  Iraq  Reconstruction’s  (SIGIR)  recently  re¬ 
leased  report,  Hard  Lessons:  The  Iraq  Reconstruction  Experience,  is  strongly  critical 
of  the  planning  for  post-conflict  Iraq.  SIGIR  reports  that  the  planning  process  “had 
been  fragmented  from  its  beginning”  and  calls  for  “more  integrated  planning  and  a 
capacity  to  address  worst-case  scenarios  were  subordinated  to  the  views  of  .  .  .  offi¬ 
cials  who  were  committed  to  a  rapid  transfer  of  power”  (p.  16).  In  late  summer  of 
2003,  the  White  House  had  to  shift  its  position  to  request  $20  billion  of  supplemental 
funding  for  reconstruction.  This  prompted  some  in  Congress  to  express  dismay  at 
the  administration’s  lack  of  planning  and  unrealistic  cost  estimates.  Funding  for  Iraq 
reconstruction  has  since  exceeded  $50  billion. 

While  recent  Department  of  Defense  publications  such  as  the  new  Joint  Pub¬ 
lication  1  and  the  Army’s  new  Field  Manual  3-07  have  changed  to  acknowledge  the 
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importance  of  the  full  spectrum  of  conflict  —  to  include  stabilization  operations  - 
the  United  States  Government  in  general  and  the  Department  of  Defense  specif¬ 
ically  must  institutionalize  the  ability  to  create  integrated,  interagency  plans  for 
post-conflict  reconstruction. 

The  United  States  Institute  for  Peace,  the  State  Department’s  Office  of  the 
Coordinator  Reconstruction  and  Stabilization,  studies  by  the  RAND  corporation, 
and  studies  by  the  former  UN  peacekeepers  all  agree  that  revitalizing  the  legitimate 
economy  of  a  post-conflict  state  is  of  primary  importance  —  second  perhaps  only  to 
enforcing  stable  security  —  and  that  reconstructing  critical  infrastructure  is  a  key 
enabler  for  any  economy.  The  current  body  of  literature  is  consistent  in  acknowl¬ 
edging  the  positive  relation  between  employment  and  social  welfare,  and  S/CRS 
recommends  designing  “initiatives  to  provide  immediate  employment”  and  creating 
“opportunities  for  young  males”  via  public  works  jobs  in  its  initial  response  tasks. 
The  newly  released  United  States  Government  Interagency  Counterinsurgency  Initia¬ 
tive’s  U.S.  Government  Counterinsurgency  Guide  affirms  the  importance  of  economic 
considerations  in  stabilization  operations:  stating  that  COIN  operations  seek 

...  to  provide  essential  services  and  stimulate  long  term  economic  growth, 
thereby  generating  confidence  in  the  government  while  at  the  same  time 
reducing  the  pool  of  frustrated,  unemployed  young  men  and  women  from 
which  insurgents  can  readily  recruit  (p.  3). 

Creating  the  links  between  government  departments,  OGAs,  and  NGOs  will 
take  time  and  is  a  question  of  bureaucracy  and  public  policy,  but  the  use  of  tested 
and  sound  management  tools  can  begin  immediately  within  each  agency.  The  public 
and  private  sectors  abound  with  established  tools  for  managing  large-scale  complex 
projects  like  reconstruction. 

Researchers  in  AFIT’s  Future  Operations  Investigation  Lab  have  developed  a 
proof-of-concept  project  scheduling  framework  for  post-conflict  reconstruction  that 
schedules  reconstruction  activities  to  capture  stakeholder’s  preferences.  Project 
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scheduling  combined  with  goal  programming  allows  the  model  to  capture  require¬ 
ments  beyond  what  is  captured  by  traditional  project  scheduling. 

No  amount  of  planning  will  replace  competent  commanders  on  the  ground: 
as  General  Field  Marshall  Helmuth  von  Moltke  famously  remarked,  .  .  no  plan 
of  operations  extends  with  any  certainty  beyond  the  first  contact  with  the  main 
hostile  force.”  However,  a  project  schedule  forms  a  baseline  by  which  any  SSTRO 
can  be  planned  for  and  measured  against.  Using  sound  analytical  processes,  different 
SSTRO  strategies  can  be  compared.  Sensitivity  analysis  can  be  conducted  to  explore 
the  effect  of  different  parameters  on  the  schedule  of  reconstruction  activities. 

The  use  of  established  project  management  techniques  allows  the  use  of  estab¬ 
lished  project  management  tracking  tools.  To  wit,  using  sound  management  practices 
adds  quantitative  defensibility  to  an  SSTRO  plan  and  can  uncover  shortfalls  or  other 
problems. 

The  views  expressed  in  this  article  are  those  of  the  author  and  do 
not  reflect  the  official  policy  or  position  of  the  United  States  Air  Force, 
Department  of  Defense,  or  the  US  Government. 
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